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THE  COSTO-STERNAL  ARTICULATIONS.^  By  James 
MusGROVB,  M.D.,  M.RC.S.,  Demonstraior  of  Anatomy 
Edinburgh  University. 

It  most  often  have  been  observed  that  there  is  a  great  want  of 
nniformity  in  the  statements  ia  the  text-books  regarding  the 
presence  of  synovial  cavities  in  the  costo-stemal  articulations. 
All  are  agreed  that  there  is  usually  no  synovial  cavity  at  the 
junction  of  the  first  costal  cartilage  with  the  sternum,  but  re- 
garding the  rest,  the  statements  differ  considerably. 

In  order  to  ascertain  the  reason  of  this  diversity  of  opinion, 
I  made  an  examination  of  the  joints  in  eighteen  subjects,  by 
making  longitudinal  transverse  sections  of  the  sternum,  and 
thus  exposing  the  joints.  The  most  convenient  way  of  doing 
this  is  by  removing  the  whole  sternum  along  with  the  costal 
cartilages,  fixing  the  specimen  in  a  vice,  and  making  the  section 
from  above  downwards  with  a  bow-saw,  which  readily  follows 
the  curve  of  the  sternum. 

In  every  instance  the  cartilage  of  the  first  rib  was  joined 
directly  to  the  sternum  without  the  pi-esence  of  a  synovial 
cavity,  as  shown  in  the  uppermost  row  (see  Table,  p.  4). 

In  connection  with  the  second  costal  cartilage,  there  were  in 
eleven  cases  on  the  right  side,  and  ten  on  the  left,  two  synovial 
cavities,  separated  from  one  another  by  a  band,  which  in  some 
cases  was  easily  torn.  This  band  was  found,  on  microscopic 
examination,  to  be  composed,  not  of  fibrous  tissue,  but  of  fibro- 
cartilage — ^indeed,  the  dividing  band  in  all  costo-sternal  joints 
T^hich  present  two  cavities  seems  to  be  composed  of  fibro- 
cartilage.     Of  the  remaining  second  costo-stemal  joints  of  the 

^  Read  before  the  Anatomical  Society,  Aagnst  2,  1892. 
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right  side,  one  presented  no  cavity,  and  six  had  one  synovial 
cavity  only,  and  this,  in  every  case,  was  in  the  lower  half  of  the 
joint — the  part"  formed  by  the  meso-stemum.  On  the  right 
side  one  joint  had  no  cavity,  and  the  other  seven  had  one^ 
which  in  six  cases  was  in  the  lower  half  of  the  joint,  and  in  the 
seventh  case  it  was  difficult  to  decide  whether  it  should  be 
considered  as  belonging  to  the  lower  part  only  or  to  the  middle. 

In  the  third  joint  on  the  right  side,  twelve  cases  had  one  joint 
cavity,  five  had  two,  and  one  had  no  cavity  at  all ;  while  in  the 
corresponding  articulation  on  the  left  side,  ten  had  one  cavity, 
seven  had  two,  and  there  was  one  case  in  which  the  cartilage 
was  directly  in  contact  with  the  sternum. 

The  fourth  joint  on  the  right  side  presented  in  every  case 
one  or  two  cavities  :  in  sixteen  there  was  one,  and  in  the  other 
two  cases  there  were  two  cavities,  upper  and  lower,  separated 
from  one  another  by  a  band  of  fibro-cartilage.  But  on  the  left 
side  this  joint  was  in  three  cases  without  any  synovial  cavity, 
in  thirteen  there  was  one,  and  in  two  (the  second  and  third 
cases  in  the  list)  there  were  two  cavities  in  each. 

The  fifth  joint  also  showed  the  predominance  of  a  single 
synovial  cavity  on  both  sides,  thirteen  on  the  right  and  four- 
teen on  the  left  having  this  character.  Of  the  remaining  five 
on  the  right  side,  three  had  no  cavity,  and  the  others  had  two ; 
while  on  the  left  side,  one  had  a  double  cavity,  and  in  three 
the  cartilage  was  directly  joined  to  the  sternum. 

Passing  down  the  list  to  the  sixth  joint,  we  observe  a  change. 
In  no  case  is  there  a  double  cavity.  On  the  right  side  five, 
and  on  the  left  seven,  have  no  cavity  at  all.  In  the  other  cases 
there  is  a  single  cavity  to  each  joint. 

In  the  seventh  there  was  a  still  further  absence  of  diarthrodial 
joints.  In  ten  cases  out  of  eighteen  on  the  right  side,  and  in 
half  the  cases  on  the  left,  there  was  no  cavity,  and  in  the 
remainder  there  was  only  one. 

Looking  at  these  tables,  one  is  struck  with  the  fact  that, 
passing  &om  above  downwards,  there  is  a  diminution  in  the 
number  of  synovial  cavities.  This  is  remarkable,  considering 
the  free  movement  of  the  lower  part  of  the  chest. 

For  comparison,  I  have  represented  the  results  in  percentages, 
taking  the  highest  figure  in  each  case.    Thus,  in  100  per  cent. 
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the  first  costo-stemal  joint  has  no  synovial  cavity.  In  61  per 
cent  on  the  right  side  and  55  per  cent,  on  the  left,  the  second 
presents  two  cavities.  The  third  joint  has  one  cavity  in  67  per 
ceot  on  the  right  side  and  55  on  the  left  The  fourth  shows 
one  cavity  in  89  per  cent  on  the  right  side  and  72  per  cent,  on 
the  left  The  fifth,  one  in  72  per  cent,  on  the  right  and  77  per 
cent,  on  the  left.  The  sixth,  one  cavity  in  72  per  cent,  on  the 
right  and  61  per  cent,  on  the  left.  The  seventh,  on  the  right 
side,  has  no  cavity  in  55  per  cent.,  while  on  the  left  side  the 
number  is  only  50  per  cent. 

The  tables  further  show  that  while  in  the  case  of  the  second 
joint,  when  one  cavity  only  exists,  it  is  the  lower  of  the  two, 
in  most  of  the  other  joints  it  is  in  the  upper  part  that  the 
cavity  is  found.  In  many  instances,  however,  the  cavity  was 
not  distinctly  to  the  upper  or  lower  part  of  the  joint,  but  in  the 
middle.  In  such  cases  no  letter  u  or  {  follows  the  figure  1  in 
the  tables. 

We  see,  then,  that  it  is  not  difficult  to  account  for  the  diversity 

of  opinion  in  regard  to  the  presence  of  s}movial  cavities  in  these 

joints,  for  the  variation  is  considerable ;  and  this  variation  is  not 

due,  so  far  as  I  have  been  able  to  make  out,  to  sex  or  age.     For 

in  one  instance — the  case  of  a  newly-born  child,  not  included  in 

the  list — there  were  two  cavities  in  the  second  joint  of  the  left 

side  and  one  in  that  of  the  right,  one  on  each  side  in  the  third, 

and  a  trace  of  a  cavity  in  the  fourth,  fifth,  and  sixth  on  each 

side,  with  a  distinct  cavity  in  connection  with  the  seventh. 

(It  may  be  mentioned  that  in  this  case  there  was  a  distinct 

cavity  at  the  first  costo-stemal  articulation,  but  only  on  the  left 

side.)     But  besides  the   actual  variations  which  do  exist  to 

account  for  the  difference  of  statement,  two  other  causes  have 

to  be  taken  into  consideration  :  first,  the  difficulty  of  finding 

the  cavity  when  small,  being  placed  sometimes  at  the  upper 

part,  sometimes  at  the  lower,  and  again  in  front  or  behind ;  and 

second,  the  danger  of  artificially  making  a  cavity  by  tearing  the 

soft  fibro-cartilage  which  unites  the  cartilage  to  the  sternum. 

This  is  best  avoided  by  using  a  finely-toothed  saw,  and  thus 

preventing  the  tearing  which  might  otherwise  occur. 


4 


THE  COSTO-STERNAL  ARTICULATIONS. 


o 
d 


I 


s. 


o 


e 
o 


e 
o 


o 


o 

13 


S 


« 


a 
o 


a 
o 


e 
c 


S 

m4 
«0 

^ 

S 

s 

s 

2 

s 

M 
»- 

!: 

g 

s 

• 

«A 

MM 

> 

s 

•^ 
» 

ak 

■k 

• 
• 

« 
•« 

•« 

*h 

« 

4) 

0 

O 

«D 

M 

^ 

w 

05 

OD 

t^ 

o 

OQ 

^ 

w^ 

A 

rH 

^H 

^N 

fH 

PH 

v^ 

^4 

wH 

s 

• 

<• 

:a 

•s 

•f* 

► 

1 

8 

M 

m 
» 

■ 
• 
• 

• 
• 
• 

0 
• 
• 

«k 

• 

■ 

|e 

o 

B 

^i^ 

iQ 

M 

e« 

O 

1^ 

C« 

*H 

1^ 

PH 

t' 

> 

■p: 

8 

8 

M 

• 
• 

•» 

•k 

M 
M 

■k 

«k 

■k 

= 

o 

o 

a 

0 

« 

00 

IH 

iH 

M 

to 

e 

pH 

eo 

pH 

*H 

09 

00 

t* 

o» 

S2 

o 

9% 

p4 

«4 

•^ 

PN 

p^ 

o 

»« 

PH 

P4 

PH 

pH 

•N 

r^ 

o 

M 

^ 

P4 

1-t 

p^ 

o 

o 

c« 

f-l 

pH 

pH 

O 

o 

S5 

o 

9« 

p^ 

»H 

p^ 

o 

o 

o 

e« 

PH 

PH 

ph 

O 

e 

U3 

o 

e« 

a 

a 

pH 

PH 

o 

PH 

n 

PH 

a 

PH 

pH 

PH 

^ 

o 

M 

M 

a 

94 

o 

o 

o 

« 

a 

PH 

PH 

O 

o 

eo 

o 

1-4 

IH 

•H 

p4 

pH 

pH 

o 

e« 

PH 

pH 

pH 

pH 

PH 

CM 

o 

O 

o 

a 

O 

O 

o 

o 

P4 

O 

a 

PH 

a 

PH 

O 

o 

<— 

o 

c« 

a 

••4 

•-^ 

pM 

o 

o 

O 

M 

O 

o 

O 

o 

2 

o 

0« 

P^ 

1-1 

p^ 

pH 

o 

p4 

M 

pH 

PH 

pH 

pH 

M* 

•^ 

o> 

o 

Fi< 

^H 

pM 

e 

o 

pH 

o 

pH 

pH 

o 

o 

o 

pH 

s 

a 

a 

•• 

o 

m 

1^ 

PH 

© 

o 

o 

o 

fH 

PH 

o 

c 

1-4 

o 

a 

a 

8 

a 

r^ 

o 

a* 

p^ 

PM 

"""a" 

p^ 

~a~ 

o 

o 

e« 

Pi 

pH 

pH 

pH 

© 

•« 

s 

<0 

o 

r^ 

pN 

iH 

pH 

o 

o 

PH 

PH 

•H 

PH 

O 

o 

■o 

o 

e* 

rH 

a 

a 

Pi4 

o 

o 

M 

M 

pH 

a 

pH 

pH 

^ 

^ 

o 

M 

l-l 

pH 

p^ 

a 
p^ 

pH 

o 

m 

e< 

a 

PH 

Of 

pH 

PH 

o 

c*» 

o 

e« 

1-4 

(M 

a 

a 
pi^ 

o 

o 

N 

pH 

M 

a 

a 

PH 

C4 

o 

e« 

04 

*l 

2 

a 

^4 

o 

M 

M 

M 

a 

PH 

a 

PH 

p^ 

- 

o 

« 

•H 

p^ 

P^ 

p4 

p^ 

o 

M 

pH 

pH 

pH 

PH 

pH 

• 
• 

1 

• 
■ 
■ 

• 
• 
• 

• 
• 
• 

• 
• 
• 

■ 
• 

• 
• 
• 

• 
• 
» 

i4 

• 
• 

• 
• 
• 

m 
m 
m 

• 
• 

• 
• 

• 
• 
• 

• 
• 

H 

o 

•> 

«» 

» 
•* 

•k 

a 

M 

m 

«« 

■k 

m 

■k 

1 

1 

e 

% 

1 

JS 

1 

1 

1 

1 

i 

en 

5 

a 

i 


CONTRIBUTIONS  TO  THE  CRANIOLOGY  AND  CRA- 
NIOMETRY  OF  PAN  JAB  TRIBES.^  By  R.  Havelock 
Chakles,  M.D.,  M.Ch.,  F,KCBl.,F.Z.S.,Surg€on'CapUiin 
Bengal  Medical  Service,  Professor  of  Ariatomy,  Medical 
College^  Lahore ;  Surgeon,  Mayo  Hospital,  Lahore ;  Fellow 
of  the  Punjab  University. 

In  the  October  number  of  vol.  xxvi.  of  the  Jour,  of  Anat  and 
Phys.,  I  brought  for  consideration  some  investigations  I  had 
made  on  the  Craniometry  of  the  Outcaste  Tribes  of  the 
PaBJab. 

In  that  paper  I  stated  some  of  the  peculiar  customs  and 
habits  of  these  peoples,  and  pointed  out  the  ample  field  there 
was  for  the  determination  of  race  differences  amongst  them. 

Many  of  the  inhabitants  of  the  Panjab  give  for  themselves 
high-sounding  and  long  genealogies.  To  quote  one  out  of  many 
instances : — It  has  been  customary  to  admit  as  good  the  claims 
of  various  communities,  whether  MusalmAn  or  Hindu,  to  origin 
from  the  blue  blood  of  the  Rajputs.  These  people  testify  for 
themselves,  and  having  acquired  a  share  of  this  world's  goods, 
desire,  like  many  in  Europe,  to  have  an  ancestral  tree  as  long 
as  that  of  their  proud  neighbours  of  undoubted  Rajput  descent. 
Out  of  the  mouth  proceedeth  many  things !  and  there  are  just 
grounds  for  suspicion  that  unless  there  be  added  the  testimony 
of  scientific  truth,  which  craniometry  affords,  to  the  folk-lore 
stories  and  paper  pedigrees  advanced  by  these  tribes  in  proof  of 
their  pure  descent,  it  is  more  than  likely  the  genealogies  in 
question  have  been  fabricated  to  suit  the  snobbish  aspirations 
of  risbg  gentility  fostered  by  the  cupidity  of  a  Brahman  priest- 
hood. If  a  tribe  testifies  of  itself,  its  testimony  is  vain ;  but 
if  craniometrical   measurements  bear  out  the  testimony,  it  is 

^  In  skull  Ko.  40,  Table  I.  in  October  number  of  the  Jour,  of  Anal,  and  Phys., 
owing  to  an  error  in  copying  the  original,  the  Gnathic  Index  is  wrongfully  given 
^^'9,  instead  of  93 '3.  A  ccrrection  must  also  be  made  on  page  25  in  the  aver- 
^  Gnathic  Index,  which  will  be  92*5,  instead  of  82  as  there  given. 
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of  effect.  As  Sir  William  Turner  well  says,  "by  taking 
a  combination  of  cranial  characters  we  can  lay  down  certain 
propositions  as  regards  unmixed  races  of  men  which  will  be  as 
distinctive  as  those  afiForded  by  the  study  of  any  other  series  of 
physical  characters."  Folk-lore  is  very  well  in  its  way,  and 
interesting  at  times  as  illustrating  the  imitative  and  plagiaristic 
faculties  of  the  natural  man ;  but,  like  language,  it  should  be 
taken  more  as  denoting  affinity  in  domicile,  and  not  consan- 
guinity in  descent,  unless  backed  by  the  unerring  proofs  afforded 
by  craniometry  and  anthropometry. 

Pure  Rajput  blood  is  admittedly  found  in  Rajputana.  Tribes 
of  admitted  Rajput  descent  are  found  in  Himalayan  hill  states. 
People  that  claim  Rajput  consanguinity,  but  with  suspicious 
right,  are  the  Gourwa  Rajputs,  many  Panjab  Jats,  certain 
Bhuta,  Sial,  and  Pan  war  tribes,  and  many  of  the  inhabitants  of 
the  Salt  Range,  &c.,  &a  Some  think  the  distinction  between 
Rajput  and  Jat  social  and  not  ethnic,  others  deny  this.  In  this 
case,  as  in  all  others  where  there  is  doubt  as  to  the  ethnic  posi- 
tion of  any  people,  what  is  wanted  is  to  establish  from  a  con- 
siderable number  of  measurements  of  individuals  of  the  true  blood, 
a  type,  and  from  this  judge  the  claims  of  tribes  of  doubtful  lineage- 
It  is  to  be  hoped  that,  at  a  near  future,  much  in  this  direction 
may  be  done,  and  if  so,  the  information  acquired  will  vivify  the 
dry  bones  of  the  reports  of  settlement  officers,  whose  oppor- 
tunities for  such  investigations  are  unlimited.  It  is  a  pity  that 
dissertations  upon  tribal  origin  in  these  reports  should  merely 
have  their  basis  upon  the  idle  boasting  of  garrulous  village  grey- 
beards. It  is  also  a  pity  that  in  successive  reports  on  such 
subjects  there  should  be  merely  a  richauffioi  previous  inquiries* 
carried  out  in  the  same  unscientific  manner. 

The  subject  of  the  present  paper  is  a  sequel  to  that  in  the 
October  number  of  the  Journal  of  last  year.  It  is  a  report 
upon  an  examination  of  46  skulls  from  men  and  women  who 
belonged  most  of  them  to  the  outcaste  tribes  of  the  Panjab. 
These,  as  also  the  previous  50,  were  collected  by  me  in  the 
Anatomical  Museum  of  this  College.  The  sex  and  age  are 
authentic,  as  the  individuals  died  in  Lahore.  Certain  data  can 
now  be  drawn  from  this  series  of  96  skulls,  which  may  be  taken 
as  fairly  representing  the  type  of  skill  possessed  by  the  lower 
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class  PanjabL      The  measurements,  which  are  in  the  metric 
sjstem,  are  more  extensive  than  in  the  former  paper. 

The  cranial  capacity  has,  as  before,  been  taken  with  mustard 
seed.  Of  the  46  skulls,  33  belonged  to  Musalmins,  and  of  these 
6  were  females  (Nos.  28, 29,  30, 31, 32,  and  33).  The  remaining 
13  skulls  were  those  of  indiriduals  calling  themselves  Hindus. 
Of  the  13,  only  one  was  that  of  a  female  (No.  84).  All  are  adult 
skulls,  and  they  are,  with  the  exception  of  5,  all  dolichocephalic. 
Does  this  point  to  purity  of  race?  Personally,  I  am  of  the 
opinion  that  the  purity  of  the  blood  of  these  tribes  is  very 
doubtful  This  may  be  considered  in  reading  Sir  William 
Turner^s  observation  in  his  valuable  Report  on  the  Crania^ 
p.  130  (Reports  of  H.M.S.  «  Challenger  ") :— "  I  am  not  disposed, 
therefore,  to  limit  the  unmixed  races  to  those  which  are  either 
dolichocephalic  or  brachycephalic  in  their  cranial  proportions." 

Characters  of  the  8kvU  Arch. — ^The  arch  was  in  some  wide 
and  full,  in  others  narrow  and  irregular.  The  two  sides  were 
generally  developed  to  an  unequal  extent,  as  shown  by  measuring 
the  distance  from  the  temporal  ridge  to  the  median  line  on 
either  sida  It  is  to  be  noted  that  the  measurement  was  taken 
from  the  superior  temporal  line,  not  the  inferior  temporal  line. 
In  25  skulls  the  right  side  was  larger  than  the  left.  In  11 
skulls  the  left  was  larger  than  the  right,  whilst  in  only  11  crania 
were  the  right  and  left  sides  symmetrically  developed.  In  4 
skulls  the  sagittal  suture  stood  strongly  in  relief — keeled.  In  a 
few  the  suture  was  depressed.  The  skulls,  which  were  narrow 
and  high,  or  narrow  and  keeled,  were  generally  of  low  cranial 
capacity,  save  No.  20,  which,  although  high  and  narrow,  had  a 
capacity  of  1640  cb.  cts.  I  have  never  heretofore  met  with  a 
skull  in  the  Panjab  measuring  so  much.  It  is  quite  excep- 
tional. 

The  temporal  ridge  is  mostly  remarkably  well  developed — 
strikingly  so.  The  curve  is  long,  and  is  always  double,  showing 
an  upper  and  a  lower  line,  separated  by  an  interval  which  is 
broadest  posteriorly.  The  interval  may  be  as  much  as  25  mm. 
The  lower  of  the  two  lines  (muscular  attachment)  is  the  better 
marked,  and  is  occasionally  developed  into  a  crest  of  considerable 
prominence  (Nos.  5  and  6).  The  upper  line  (fascial  attachment), 
though  marked,  cannot  bear  comparison  with  the  lower.    After 
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gradually  approaching  each  other  from  behind  forwards,  they 
coalesce  behind  the  ext.  ang.  process  of  the  frontal.  In  Ncms. 
9, 18,  26,  and  41  the  superior  temporal  line  extended  as  &r  back: 
as  the  lambdoid  suture,  touching  it  25  mm.  above  the  asterion. 
In  No.  9  the  superior  and  inferior  lines  are  separated  posteriorly 
by  a  space  of  20  mm.,  and  where  they  cross  the  coronal  suture 
by  an  interval  of  11  mm.  In  No.  18  the  respective  intervals 
are  25  mm.  and  13  mm.  In  No.  26  the  intervals  are  18  mm. 
and  12  mm.  respectively.  The  teeth  in  these  three  skulls  are 
quite  worn  down. 

It  is  to  be  noted  here  that  the  usual  definition  of  the  term 
Stephanion,  as  being  that  point  in  the  coronal  suture  where  the 
temporal  ridge  crosses  it,  requires  a  rider  on  it  to  the  effect 
that  it  is  the  point  where  the  superior  or  inferior  (according  as 
may  be  determined)  temporal  line  crosses  the  suture  in  such 
cases  where  the  superior  and  inferior  lines  are  separate  at  the 
crossing.  I  have  taken  it  in  the  former  sense,  and  so  it  has 
occurred  that  the  maximum  frontal  diameter  in  Nos.  9, 18,  and 
26  is  less  than  the  minimum  frontal,  and  the  Stephanie  index  is 
therefore  100  or  over.  The  term  superior  and  inferior  frontal 
would  be  better  for  description  than  maximum  and  minimum 
frontal,  especially  for  such  cases.  There  is  indeed  a  marked 
difference  in  the  development  of  this  temporal  ridge  in  the 
skulls  under  consideration  and  in  those  of  Europeans.  The 
ordinary,  or  rather  exclusive,  diet  of  the  people  whose  skulls 
these  were  was  dM  and  roti,  Dal  is  the  Hindustani  word  for 
the  dried  split  peas  of  the  pulses,  or  a  food  prepared  from  them. 
The  roti  or  chupathi  is  an  unleavened  cake  (like  a  Scotch  pan- 
cake in  shape,  but  not  in  consistence),  made  with  barley  or  the 
lesser  millets 

It  can  be  understood  that  the  jaw  muscles  have  considerable 
exercise  in  the  mastication  of  such  food,  and  hence  it  happens 
that  in  most  skulls  over  thirty-five  years  of  age  the  cusps  have 
vanished  from  the  teeth — incisors  to  wisdoms — and  there  re- 
main the  flat  and  smooth  crowns  of  the  well-worn  grinders. 
This  may  explain  the  superior  development  of  the  temporal 
muscle,  and  consequently  the  presence  of  a  temporal  ridge 
longer  in  extent,  and  with  its  superior  and  inferior  temporal 
lines  more  prominent  than,  in  skulls  whose  owners  lived  on  food 


CRANIOMETRY  OF  PANJAB  TRIBES.  9 

easier  of  mastication.     It  is  an  interesting  example  of  excess  of 
function  leading  to  increase  of  development. 

The  Pterion, — ^In  17  per  cent,  epipteric  bones  were  present 
In  my  former  series  of  50  skulls  epipteric  bones  were  present  in 
32  per  cent  In  the  total  of  96  skulls,  therefore,  the  percentage 
will  be  25  per  cent 

In  Nos.  5, 10, 13,  and  31  the  pterion  was  fully  obliterated  and 
non-apparent  In  one  of  these  (31)  a  portion  of  the  lambdoid  was 
persistent,  though  the  remaining  sutures  were  fused.  In  no  skull 
was  there  a  direct  articulation  between  the  squamosal  and  frontal 
In  the  greater  number  the  size  of  the  parieto-sphenoidal  suture 
varied  on  the  two  sides — ^indeed,  it  was  rather  the  exception  to 
find  these  sutures  of  right  and  left  sides  of  equal  length. 

The  length  of  the  pterion  varied  from  only  1  mm.  to  29  mm. 
In  one  skull  alone  did  it  occur  that  an  epipteric  bone  was  pre- 
sent without,  at  the  same  time.  Wormian  bones  being  found  in 
some  of  the  other  sutures,  lambdoid  or  sagittal. 

It  is  exceptional  to  find  the  epipteric  bones  s}rmmetrical  on 
the  two  sides.  A  portion  of  the  ant.  inf  angle  of  the  parietal 
may  articulate  with  an  epipteric  bone,  and  a  part  with  the  great 
wing  of  sphenoid.  The  varieties  found  in  the  several  skulls 
are  so  many  and  varied  that  it  is  evident  they  are  due  merely 
to  individual  peculiarity,  and  that  differences  in  the  shape  of 
the  pterion  are  not  racial  characteristics. 

Wormian  Bones, — ^There  is  nothing  ethnologically  important 
as  regards  these.  I  have  carefully  noted  their  presence,  and 
found  them  at  times  of  great  size — skulls  Nos.  7  and  12.  In 
these  there  is  a  regular  inter-parietal  bone  in  place  of  the  upper 
part  of  the  supra-occipital.  The  os  incae  is  not  confined  to  Peru  ! 
Wormian  bones  are  more  frequent  in  the  occipital  region  of 
these  skulls,  but  they  are  to  be  found  in  all  the  sutures  of  the 
cranium;  and  I  noted  the  presence  of  them  even  in  the  fronto- 
nasal suture  of  skulls  Nos.  34  and  35,  and  a  few  in  the  fronto- 
malar  suture  of  No.  8,  though,  in  the  skulls  in  question,  there 
was  not  a  single  other  of  these  ossa  triquetra  in  any  of  the 
cranial  or  facial  sutures.  Generally  the  Wormian  bones  varied 
in  number  from  1  to  47,  and  in  size  from  that  of  a  pin's  head 
to  6  centimetres  in  diameter.  None  of  the  crania  were  from 
hydrocephalic  individuals. 
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Condition  of  Sidv/res. — In  60  per  cent.  Wormian  bones  wero 
found  in  the  cranial  sutures.  In  only  one  instance  (No.  45)  was 
it  found  that  the  sagittal  fused  from  before  back;  in  all  the 
others  the  fusion  i^as  from  behind  forwards.  This  is  to  be  borne 
in  mind  in  considering  the  supposed  rule  that  in  white  races 
the  fusion  is  from  behind  forwards,  whereas  in  the  black  it  is 
from  before  back. 

As  regards  the  serrations  of  the  sutures,  these  were  generally 
more  intricate  in  the  skulls  of  a  high  cranial  capacity  than  those 
of  low  cubic  measurement,  though  exceptions  were  found  where 
a  skull  of  1110 cb.  ct.  had  intricate  sutures;  whereas  a  skull  of 
1470  cb.  ct  had  sutures  exceedingly  simple  in  the  arrangements 
of  the  serrations  As  in  the  former  series  of  skulls,  I  have  again 
amongst  these  noted  that  frequently  the  lambdoid  suture  was 
very  complex,  while  the  sagittal  and  coronal  were  simple  in 
their  arrangement. 

The  metopic  suture  was  present,  complete,  in  No.  24,  and 
existed  at  the  glabella  in  12  other  skulls.  Some  of  these  had 
the  remaining  sutures  intricate  and  partly  fused,  others  had 
them  simple  and  persistent 

The  nasal  bones  were  Aised  in  four  instances,  and  the  inter- 
nasal  suture  was  partially  obliterated  in  five  other  examples.  In 
one  instance,  whilst  the  inter-nasal  suture  was  simple,  the  left 
nasal  bone  was  anchylosed  to  the  left  superior  maxilla. 

Traces  of  the  suture  uniting  the  premaxillsB  with  the  maxillse 
were  frequently  found — ^in  15  instances.  It  was  always  pos- 
teriorly in  the  neighbourhood  of  the  anterior  palatine  canal  that 
these  traces  remained.  In  only  one  skull  did  the  suture  com- 
pletely extend  across  the  alveolar  process — in  No.  1.  In  this 
the  suture  was  wholly  persistent  on  left  side ;  on  the  right  side 
it  was  partially  fused. 

In  no  skull  was  there  a  trace  of  a  suture  dividing  the  malar 
bones. 

I  would  wish  here  to  comment  upon  the  attempt  made  to 
deduce  the  age  from  the  condition  of  the  sutures,  as  set  forth  in 
a  paragraph  on  page  134  of  M.  Topinard's  Anthropology  (Eng- 
lish trans.,  1890).  The  deductions  there  drawn  are  founded  on 
the  **  Recherches  sur  Tetat  Senile  du  Crane,"  by  E.  Sauvage, 
Paris,  1870,  and  I  quote  them  here : — "  In  a  word,  if  the  suture 
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ifl  entire,  the  individual  is  about  35  yean  of  age  or  less.  If  the 
posterior  sagittal  point  is  commencing  to  close,  he  is  about  40 
years.  The  ossification  of  the  coronal  suture  close  to  the 
bregna  would  show  that  he  was  50  or  more.  If  the  temporal 
suture  is  closed  he  would  be  66  or  more." 

A  reference  to  Nos.  9,  13,  10,  and  26  will  show  that  the 
satirres  were  either  fused  or  fusing,  although  the  ages  of  the 
individuals  from  whom  the  specimens  were  collected  at  death 
▼aried  only  between  31  and  35  years !  In  No.  31  even  the 
parieto-sphenoidal  was  fused,  though  the  age  was  but  40. 
Again,  note  skulls  Nos.  6, 15,  and  36,  and  it  will  be  seen  that 
the  sutures  were  persistent,  though  the  age  in  no  case  was 
under  50  years !  Take,  again,  skull  No.  7 :  the  old  man  whose 
shoulders  bore  that  skull  had  seen  70  summers  and  70  winters 
pass,  and  yet  his  sagittal  suture  was  only  fused  at  the  obelion, 
and  his  lambdoid  at  the  lambda ! 

Is  it  possible,  with  this  evidence  before  one,  to  draw  any  de- 
ductions, from  the  sutures  alone,  of  the  least  scientific  accuracy, 
which  might  be  utilised  in  a  medico-legal  case  as  regards  the 
age  of  the  original  owner  of  any  particular  skull  ? 

It  seems  to  me  that  the  period  at  which  fusion  of  the  sutures 
commences,  as  well  as  the  order  in  which  it  proceeds,  is  subject 
to  such  variations  as  to  make  speculations  regarding  age  ex- 
tremely hazardous  when  based  only  on  evidence  drawn  from 
the  persistence  or  non-persistence  of  the  cranial  sutures. 

I  have  entered  into  this  point  the  more  fully  as  the  skulls 
under  observation  were  taken  from  bodies  of  a  known  age. 
The  accuracy  of  the  age  is  as  great  as  it  is  possible  to  attain, 
save  when  it  is  taken  from  the  evidence  of  a  birth-certificate. 
The  patients  died  in  hospital,  with  a  registered  caste  and  age. 
The  heads  on  removal  had  a  numbered  tin  label  fixed  to  each 
before  being  placed  in  the  macerator.  Any  mixing  of  skulls 
was  thus  prevented.  Criticism  as  to  the  value  of  the  evidence 
of  age,  afforded  by  the  sutures,  conducted  on  this  series  of  skulls, 
is  not  devoid  of  weight  when  it  is  seen  that  the  collection  has 
neither  been  grouped  at  random,  nor  brought  together  promis- 
cuously. 

If  it  be  granted  that  the  higher  the  cranial  capaxiity  is,  the 
higher  will  have  probably  been  the  degree  of  exercise  of  the 
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brain,  then  it  will  be  noted  that  in  those  skulls  of  highest  capa- 
city (1500  cb.  cts.  and  over),  the  sutures  have  been  longer  in 
fusing  than  in  other  skulls  of  a  lower  capacity,  though  these 
latter  were  of  lesser  age !  M.  Broca's  observations  would  thus 
be  borne  out.  I  may  say  that  the  probability  is  that  none  of 
the  individuals  whose  skulls  are  under  examination  could  read 
or  write  during  life.  There  are,  however,  other  methods  than 
literary  for  obtaining  mental  exercise. 

JugvXar  Foramen, — In  about  71  per  cent,  the  right  is  larger 
than  the  left.  In  upwards  of  17  per  cent,  the  reverse  is  the 
case,  and  in  only  10  per  cent,  are  the  two  foramina  symmetrical. 
The  greatest  difference  in  the  measurements  is  in  skull  No.  22, 
where  there  is  as  much  as  10  mm.  between  the  diameters  of 
right  and  left  foramina. 

In  two  crania  the  left  ant.  condyloid  foramen  opens  into  the 
foramen  lacerum  posterius  of  same  side. 

The  intra-jugular  processes  were  very  various  in  their  de- 
velopment. They  might  be  present  on  both  sides,  or  on  one 
side  only  (generally  the  left).  They  were  oftener  absent  than 
present.  In  one  skull  the  process  bridged  across  the  foramen 
on  the  left  side. 

Parietal  Fora/mina, — Both  were  absent  in  30  per  cent. 
Frequently  the  foramen  was  absent  on  one  side,  and  small  or- 
minute  on  the  other.  In  less  than  9  per  cent,  were  the  foramina 
large  or  of  the  normal  size  on  both  sides. 

Post'Condyloid  Foramina. — In  upwards  of  10  per  cent,  both 
foramina  are  completely  absent.  In  upwards  of  28  per  cent, 
the  foramina  were  very  large  on  one  side  or  the  other,  though 
not  symmetrically  so.  It  occasionally  is  found  that  the  foramen 
on  one  side  is  larger  than  the  ant.  condyloid  foramen  of  same 
side. 

Ant  Condyloid  Foramin/i. — In  1  skull  the  foramen  is 
divided  into  two,  and  in  2  skulls  the  foramen  of  one  side  opens 
into  the  for.  lac.  post,  of  same  side. 

I%e  OlabeUa. — The  glabella  is  prominent  in  50  per  cent.  Its 
size  varied  inversely  to  the  cranial  capacity.  Amongst  the  7 
female  crania  it  is  prominent  in  3  and  flat  in  4.  I  cannot  say, 
therefore,  that  it  is  "  scarcely  perceptible  in  women." 

Inion, — The  inion  is  often  small  or  faint,  and  very  frequently 
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absent.  Taken  as  a  fixed  measuring-point,  the  inion  in  many 
cases  would  be  misleading,  for  its  whereabouts  could  not  be 
made  ont  by  palpation  through  the  scalp  in  any  of  those  instances 
where  I  have  noted  "  small,"  or  "  faint,"  or  *'  abseot,"  which  was 
as  often  as  upwards  of  63  per  cent. 

The  Par-Occipital  Process, — The  par-occipital  process  is  large 
or  prominent  in  28  per  cent.  In  some  skulls  the  process  is  large 
on  one  side,  but  small  or  absent  on  the  opposite. 

Where  I  have  noted  large  or  prominent,  it  is  a  process,  and 
not  merely  the  tubercular  elevation  more  frequently  seen  at  the 
outer  extremity  of  the  jugular  ridge.  To  it  in  many  of  the 
skulls  is  attached  the  remains  of  a  cord-like  ligament.  This 
was  the  upper  part  of  the  lateral  occipito-atloid  lig.  which 
maceration  had  not  altogether  removed. 

Cannot  the  frequency  of  the  presence  of  this  process  in  a 
state  of  considerable  development  be  explained  on  the  same 
grounds  as  I  have  stated  in  my  remarks  on  the  Foramen 
Magnum  and  Third  Condyle  ? — that  is,  that  it  is  large  when 
the  lateral  occipito-atloid  lig.  and  occ.  lateralis  muscle  are  well 
developed.  That  these  are  proportionately  strong  in  individuals 
who  are  accustomed  to  carry  loads  upon  their  heads,  the  size 
being  in  correlation  to  the  strain  thrown  upon  the  cervical 
joints. 

Foramen  Magnum. — ^In  skull  No.  43  the  plane  of  the  fora- 
men looks  very  much  forwards.  The  basion  is  on  a  higher 
plane  than  the  vaginal  process  of  the  vomer !  Owing  to  this, 
there  was  considerable  difficulty  in  getting  the  compasses  in 
position  when  taking  the  basi-alveolar  diameter.  The  condyles 
in  this  skull  are  very  small,  and  look  as  if  they  correspond  only 
to  that  portion  which  is  developed  from  the  basi-occipital.  The 
cerebellar  fossae  are  very  deep,  so  much  so  that  the  outer  por- 
tion of  the  occipital  bone  must  have  been  almost  in  apposition 
with  the  spine  of  the  axis.  The  inion  and  curved  lines  are 
absent,  and  the  bone  is  quite  smooth.  The  skull  has  the  ap- 
pearance as  if  the  basi-occipital  had  been  pushed  inwards, 
and  the  skull  drawn  downwards  in  front  and  behind  it.  In  No. 
43  there  is  a  tendency  to  the  same  deformity :  here  the  plane 
of  the  basion  is  5  mm.  above  that  of  the  post,  nasal  spine.  The 
condyles,  though,  are  normal. 
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ON  THE  BRAIN  OF  THE  LATE  GEORGE  GROTE,  F.R.S., 
WITH  COMMENTS  AND  OBSERVATIONS  ON  THE 
HUMAN  BRAIN  AND  ITS  PARTS  GENERALLY. 
By  the  late  Professor  John  Marshall,  LLD.,  F.R.S., 
Professor  of  Swrgery  in  University  CoUege,  London, 
President  of  the  Oeneral  Medical  Cov/ncil,    (Plates  I., 

n.,iiL) 

The  late  Mr  Grote,  the  distinguished  Historian  of  Greece, 
expressed  in  writing,  eight  years  hefore  his  death,  the  following 
wish : — 

"  I  desire  that  after  my  decease  my  cranium  shall  be  opened 
by  the  Professor  of  Anatomy  in  University  College,  London,  or 
by  some  other  competent  Anatomist. 

"I  desire  that  my  brain  shall  be  carefully  weighed  and 
examined,  and  that  the  weight  thereof  shall  be  communicated  to 
Professor  Bain,  together  with  any  other  peculiarities  which  may 
be  found,  especially  whether  the  cerebellum  is  deficient  as  com- 
pared with  the  cerebrum.  "  George  Grote. 

"  July  7th,  1863." 

Mr  Grote  died  in  June  1871 ;  and,  at  the  request  of  Professor 
Sharpey,  with  whom  Professor  Bain  had  previously  communi- 
cated, but  who  desired  to  be  relieved  from  the  proposed  task,  I 
duly  examined  the  cranium  and  brain.  The  results  of  this 
examination,  together  with  certain  comments  and  observations 
suggested  and  made  during  the  prosecution  of  the  inquiry,  are 
recorded  in  the  following  report : — 

1.  Weight  and  General  Appearance  of  the  Brain 

The  entire  brain,  when  removed  from  the  cranium  in  the 
usual  manner,  was  found  to  weigh,  with  its  coverings  of  arach- 
noid and  pia  mater,  but  drained  of  the  cerebro-spinal  fluid 
which  it  contained,  exactly  49f  ozs.  avoirdupoia  About  12 
drachms  of  such  fluid  were  collected.    The  bones  of  the  skull. 
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along  the  line  of  section,  were  of  unusual  thickness.  The  dura 
mater  adhered  strongly  at  the  vertex,  and  the  Pacchionian 
glands  were  large.  The  cerebral  arachnoid  presented  a  fe'w 
faint  traces  of  opacity.  The  vessels  of  the  pia  mater  were 
collapsed,  whilst  the  veins  traversing  the  cerebrum  and  the 
several  cranial  sinuses  contained  a  reddish  serum  with  narrow 
soft  coagula.  The  cerebrum  and  cerebellum,  still  invested  by 
their  membranes,  were  soft  and  ilaccid,  and  easily  fell  out  of 
shape ;  and  the  cerebral  convolutions,  so  far  as  they  could  be 
observed,  appeared  to  be  very  broad.  When,  afterwards,  the 
membranes  were  removed,  this  breadth  of  the  convolutions 
became,  as  will  hereafter  be  particularly  mentioned,  still  more 
obvious. 

The  cerebrum,  cerebellum,  and  pons,  with  the  medulla 
oblongata,  were  weighed  separately,  after  the  brain  had  been 
partly  hardened  in  spirit,  and  after  the  complete  removal  of 
the  membranes  and  blood-vessela  For  purposes  of  comparison, 
several  male  brains  were  prepared  in  a  similar  manner.  The 
specific  gravity  of  the  grey  and  white  substance  of  the  brain 
was  not  ascertained ;  but  the  appearance  and  texture  of  both 
were  natural,  if  we  except  the  pallor  of  the  former  and  the 
flaccidity  of  both. 

2,  Weight  of  the  Brain,  as  compared  with  the  Average 

Brain-  Weight. 

Taking  the  absolute  brain-weight  above  recorded,  viz.,  49*76 
ozs.  av.,  and  comparing  it  with  the  average  weight  of  the  adult 
male  European  brain  in  persons  of  the  prime  of  life,  say  fix)m 
30  to  40  years  old,  we  find  that  Mr  Qrote's  brain  was  *1&  oz. 
heavier  than  the  average  standard  adopted  by  Welcker,  which 
is  49  ozs.  av.,  but  1*55  oz.  heavier  than  the  average  weight  of 
English  male  brains,  deduced  from  the  extensive  Tables  of  Dr 
Boyd,  which  is  48*2  ozs. 

3.  Weight  of  the  Brain  as  modified  by  Age. 

It  is  now  well  established  that,  at  whatever  period  of  life 
the  brain  may  attain  its  maximum  size,  a  period  differing  per- 
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iiapfi  according  to  the  use  made  of  the  oigan,  its  weight  ncrually 
b^^  to  decrease,  though  veiy  slowly,  between  40  and  50  yean 
of  age,  and  then  goes  on  diminiahing  with  progressively  in- 
ereasing  rapidity  up  to  the  end  of  life.  It  would  seem  probable, 
indeed,  that  in  this  way  the  brain  may  undergo  a  loss  of  more 
than  3  ozs.,  between  the  ages  of  40  and  80  yean.  Dr  Boyd's 
Tables,  as  investigated  by  Dr  Thumam,  appear  to  show  that, 
whilst  the  average  bndn-weight  of  males  between  the  ages  of 
30  and  40  is  482  ozs.,  between  60  and  70  it  is  464  oa.,  and 
between  70  and  80  only  45*5  ozs.  We  may  therefore,  on  these 
data,  take  46  oz&  as  the  average  male  brain -weight  at  75  yean 
of  age,  that  is  to  say,  2*2  ozs.  leas  than  the  average  brain-weight 
of  males  between  30  and  40,  which,  as  already  stated,  appeara  to 
be  48-2  ozs. 

Now,  Mr  Grote  died  in  the  76th  year  of  his  age;  and, 
accordingly,  it  ia  not  unreasonable  to  assume  that  between  the 
age  of  30  and  40  his  brain  may  have  weighed  2*2  oza  more  than 
at  the  time  of  his  death,  that  ia  to  say,  about  52  ozs.  When  thus 
eorrected  for  the  effects  of  age,  the  weight  of  Mr  Grote's  brain 
during  early  manhood  may  have  been  from  8  ozs.  to  38  ozs. 
above  the  average  or  standard  weight,  according  as  we  accept 
the  estimate  of  Welcker  (49  ozs.),  or  the  figures  of  Dr  Boyd 
(48*2  0Z3.).  Or,  putting  the  case  in  another  way,  if  the  average 
weight  of  the  brain  at  75  yeara  of  age  is,  according  to  Dr  Boyd's 
Tables,  46  ozs.,  then  the  brain  of  Mr  Grote  weighed  at  that  age 
49*75  ozs., — that  is,  3*75  oza.  above  the  average.  Even  if  we 
accept  the  higher  standard  of  early  manhood  adopted  by 
Welcker,  we  still  find  that  Mr  Grote's  brain  was  about 
three  oz.  above  the  expected  average  weight  at  the  age  at 
which  he  died. 

That  Mr  Grote's  brain  had  really  wasted  from  the  effects  of 
age  is  certain.  The  accumulation  of  1^  oz.  of  fluid  in  the  cavity 
of  the  cranium,  and  the  unusual  thickness  of  its  walls,  are  con- 
ditions indicative  of  such  wasting. 

The  external  form  of  Mr  Grote's  head  was  good ;  and  those 
who  were  acquainted  with  him,  would,  I  think,  admit  that  he 
had  a  large  and  well-developed  cranium,  and  would  have  antici- 
pated, accordingly,  that  his  brain  would  be  above  the  average  in 
size.    I  took  the  precaution,  at  the  time  of  the  examination,  to 
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measure  a  hat  recently  worn  by  the  deceased,  and  also  to 
ascertain  the  circumference  of  the  head  over  the  hair,  before 
any  steps  were  taken  for  the  removal  of  the  brain.  The  interior 
of  the  hat  measured  8g  inches  from  front  to  back,  and  6f- 
inches  in  breadth;  its  circumference  inside  was  23f  inches* 
This  is  a  large-sized  hat;  and,  even  allowing  for  the  space 
occupied  by  the  hair  during  life,  it  would  indicate  a  more  thaa 
ordinary  size  of  head.  Mr  Galton  informs  us  that  the  "  average 
circumference  of  the  English  gentleman's  head  is  from  22^ 
to  22|  inches."  Moreover,  whilst  out  of  99  cases  ^  he  *'met 
with  13  under  22  inches,  he  found  only  8  instances  in  which 
the  head  was  24  inches  or  upwards  in  circumference." 

The  sizes  of  hats,  however,  are  obviously  modified  by 
individual  peculiarities,  quite  irrespective  of  the  actual  dimen- 
sions of  the  heads  to  which  they  are  adapted :  first,  in  accord- 
ance  with  the  quantity  and  character  of  the  hair,  which  takes 
up  more  room  in  some  cases  than  in  others ;  and  secondly,  on 
account  of  the  mode  in  which  the  hat  is  worn,  whether  high  or 
low  upon  the  head.  Besides  this,  the  measurement  around  the 
inside  of  a  man's  hat  is  half  an  inch,  more  or  less,  in  excess  of 
the  measurement  around  his  head ;  for  the  head  being  of 
irregular  and  the  hat  of  regular  outline,  the  former  is  received 
into  the  latter,  in  the  same  way  as  an  angular  figure  of  smaller 
dimensions  can  only  be  inscribed  in  an  ellipsoid  of  larger 
dimensiona  Again,  the  margin  of  a  hat,  which  is  the  part 
actually  measured,  is  often  slightly  everted,  so  that  the  part  a 
little  deeper  in,  which  holds  on  to  the  head,  is  a  trifle  less  in 
circumference  than  the  actual  margin.  These  apparently 
unimportant  details  may  help  to  explain  the  remarkable 
diflference  which  I  found  between  the  internal  circumference  of 
the  hat  worn  by  Mr  Grote,  and  the  external  circumference  of 
the  head  taken  after  death.  As  already  mentioned,  the  hat 
measured  23J  inches,  whilst,  to  my  surprise,  the  head  measured 
only  22J  inches.  This  difference  of  1^  inch  may  perhaps  be 
partly  accounted  for  by  the  mode  in  which  Mr  Grote  wore  his 
hat,  which  was,  I  believe,  rather  low  on  the  back  of  the  head. 
Something  also  may  be  due  to  differences  in  the  quantity  and 
relative  stiffness  of  the  hair  during  life  and  after  death.     But 

^  It  shoald  stand,  "  99  cases  of  distinguished  scientific  men."— l'.  OaUon. 
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chiefly,  it  must  doubtless  be  attributed  to  the  wasting  of  the 
sofb  tissues  of  the  scalp  during  tbe  progress  of  an  exhausting 
disease,  and  to  the  exsanguine  condition  of  those  tissues  when 
life  was  extinct.  I  have  myself  observed  that,  after  a  severe 
iUn^s,  my  own  hat  fitted  so  loosely  as  to  descend  lower 
than  usual  upon  the  head. 

It  is  probable,  that  had  Mr  Galton  measured  the  hat  of  the 
deceased  Historian,  he  would  have  been  led  to  regard  the  head 
which  had  worn  it  as  amongst  those  above  the  average  in  size. 
It  is  evident,  however,  that  too  much  value  may  be  attached  to 
measurements  of  hats,  as  the  conditions  indicated  above  are  in 
themselves  so  variable.  It  must  also  be  pointed  out  that 
such  measurements,  or  even  those  of  the  circumference  of  the 
head,  afford  but  very  impeifect  data  upon  which  to  infer  the 
size  of  the  cranial  cavity  and  its  contained  brain ;  for  neither 
measurement  takes  into  account  the  height  of  the  skull,  and 
the  thickness  of  its  walls.  Nor  do  they  indicate  other  points 
of  interest,  such  as  the  relative  length  and  breadth  of  the 
cranium,  and  the  dimensions  of  the  portions  devoted  respec** 
tively  to  the  lodgment  of  the  cerebrum  and  the  cerebellum. 

4.  Weight  of  the  Brain  as  modijied  by  Disease, 

The  question  may  here  be  put,  whether,  besides  the  diminu- 
tion in  Mr  Grote's  brain  due  to  age,  there  might  not  also  have 
been  wasting  of  that  organ  during  the  last  months  of  his  life, 
attributable  to  the  renal  disease,  accompanied  by  albuminuria, 
from  which  he  suffered.  Most  probably  some  abnormal  wasting 
really  occurred  during  the  six  months,  for  which,  in  Dr  George 
Johnson's  opinion,  that  disease  had  lasted.  We  possess,  how- 
ever, no  precise  information  concemiog  the  effects  of  that  or  of 
other  diseases  on  the  nutrition  of  the  nervous  centrea  It  is 
well  known  that  the  brain  resists  the  wasting  due  to  starvation 
more  persistently  than  any  other  of  the  soft  tissues  or  organs  of 
the  body.  It  may  also  be  admitted,  that  the  Tables  which 
serve  us  at  present  as  the  basis  of  comparison  of  one  brain 
with  others,  are  founded  on  the  weights  of  brains  which  have 
themselves  been  modified  by,  or  at  least  subjected  to  the 
influence  of,  various  diseasea    But  one  disease  may  affect  the 
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nervous  centres  more  than  others — head  diseases,  heart  diseajses, 
lung  disease,  and  stomach  disease,  may  each  be  supposed  to 
affect  them  differently;  and  renal  disease,  associated  with 
albuminuria,  may  have  a  decided  atrophic  influence  over  them. 
The  attention  of  Pathologists  may  be  called  to  this  question. 
At  my  suggestion,  Dr  Boyd  undertook  to  reduce  the  very  large 
number  of  data  which  he  possessed,  calculated  to  throw  light 
on  the  influence  of  the  cause  of  death,  on  the  nutrition  of  the 
brain  and  its  several  parts. 

5.  Weight  of  the  Brain  as  compared  with  the  Weight 

and  Height  of  the  Body, 

I  am  informed,  by  Mr  Arthur  Qrote,  that  of  late  years  his 
brother's  weight  fluctuated  between  11  stone  7  lbs.  and  11 
stone  10  lbs. — i6.,  between  161  and  164  lbs.  av.  Assuming  162 
lbs.  as  the  approximate  weight  of  the  body,  the  ratio  of  the 
weight  of  the  brain  to  that  weight  would  be  as  49*75  ozs.  to 
2592  ozs.,  or  as  1  to  52 ;  or,  if  we  correct  the  brain- weight  for 
the  effects  of  age,  the  ratio  would  be  as  52  to  2592,  or  nearly 
as  1  to  50.  This,  even,  is  an  unusually  low  ratio,  and  points  to 
the  occurrence  of  considerable  wasting  of  the  brain  from  age  or 
disease,  or  from  both  causes  combined.  Tiedemann  arrived  at 
the  conclusion,  that  in  adult  males  the  weight  of  the  brain  to 
that  of  the  body  varied  from  1  to  88  to  1  to  45.  According 
to  Dr  Peacock's  Tables,  the  average  in  the  adult  is  about  as  1 
to  37*2 ;  and  from  Dr  Boyd's  Tables,  as  analysed  by  Dr 
Thurnam,  the  average  in  males  between  60  and  70  years  of 
age  is  as  1  to  36,  and  between  70  and  80  years  as  1  to  37'3. 
In  the  very  fat  and  in  the  very  lean,  the  proportion  may  vary 
from  1  to  100,  to  1  to  27 ;  but  these  sources  of  deviation  may 
both  be  excluded  in  the  present  case,  for  Mr  Qrote  was  neither 
stout  nor  thin.  In  what  way,  therefore,  can  we  account  for 
the  ratio  being  so  low  as  1  to  50  or  52,  except  on  the  supposi- 
tion of  the  effects  of  disease  being  superadded  to  those  of  age  ? 

The  relation  between  the  weight  of  the  brain  generally  to 
the  stature,  has  not,  so  far  as  I  am  aware,  been  hitherto 
sufliciently  well  studied,  to  enable  it  to  be  expressed  in  definite 
terms  or  numbers;   but  an  opinion  has  been  advanced  by 


THE  BBAIN  OF  THS  LATE  OKOBGE  OROTE.       27 

Parchappe  that  tall  persons  have  not  only  abeolntely  but 
relatively  larger  brains  than  short  ones.  This,  however,  is 
more  than  doubtful,  as  will  presently  be  shown  in  discussing 
the  influence  of  stature  on  the  weights  of  the  cerebrum  and 
oerebellum  respectively. 

6.  Weight  of  the  Brain  as  compared  with  the  Brains  of 

Other  Eminent  Men. 

Notwithfttanding  the  limited  information  conveyed  in  the 
record  of  the  mere  weight  of  any  given  brain,  a  legitimate 
interest  will  always  be  attached  to  the  determination  of  even 
this  insufficient  datum  in  the  cases  of  men  of  eminent  ability. 
At  present,  however,  we  possess  a  very  brief  list  of  such 
observations,  and  it  is  in  every  way  desirable  that  it  should 
be  extended.  It  is  probable  that  many  of  the  examples  which 
have  been  recorded,  owe  that  distinction  to  the  fact  that  they 
are  cases  of  brains  of  unusual  weight ;  and  we  must  certainly 
he  cautious  before  we  conclude  that  remarkable  intellectual 
capacity  and  ability  can  only  be  exhibited  by  those  who  have 
veiy  large  brains,  or  that  those  qualities  are  exhibited  in  strict 
accord  with  the  mere  size  of  the  encephalon. 

In  the  instances  of  Cromwell,  Pascal,  Byron,  and  the  first 
Napoleon,  there  can  be  no  reason  to  doubt  that  the  size  of  the 
brain  was  unusually  great,  but  reliance  cannot  be  placed  on 
the  exact  weight  sBsigned  to  each  brain.  In  regard  to  more 
recent  examples,  in  which  the  weight  of  the  brain  has  been 
accurately  noted  and  recorded,  certain  corrections  are  evidently 
needed,  before  we  can  justly  estimate  the  influence  of  the 
weight  of  the  brain  on  the  intellectual  endowments  of  any 
given  person. 

Dr  Thumam  collected  the  weights  of  the  brains  of  fifteen  eminent 
and  cultivated  men.  He  showed  that,  supposing  we  take  Welcker's 
standard  of  49  ozs.  as  the  average  or  mean  weight  of  the  brain  in  the 
faUy-developed  European  male,  11  brains  were  above  that  standard, 
1  brain  equalled  it^  and  3  were  below  it.  The  late  Dr  Whewell, 
who  was  an  intellectual  giant,  and  whose  death  was  caused  by 
accident,  and  not  disease,  had  a  brain  only  just  of  the  average 
size  ;  Tiedemann,  a  learned  and  distinguished  Anatomist  and  Physio- 
logist, died  possessed  of  a  brain  weighing  only  44*2  ozs.,  or  4|  ozs. 
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below  the  average  ;  whilst,  at  the  other  end  of  the  scale,  Cuvier  and 
Abercrombie  (if  we  may  accept  the  records  of  these  as  accurate)  had 
brains  weighing  64'3  ozs.  and  63  ozs.  respectively.  Cuvier's  brain  there- 
fore showed  an  excess  over  Welcker's  standard  of  15  ozs.,  and  over 
Tiedemann's  brain  of  no  less  than  20  ozs.;  in  other  words,  it  was  nearly 
1  lb.  heavier  than  the  standard,  and  1^  lb.  heavier  than  Tiedemann's 
brain ;  or  again,  about  yq-  or  nearly  ^  larger  than  the  former,  and 
•j^Y  or  nearly  ^  as  large  again  as  the  latter ! 

But  the  weights,  as  severally  recorded,  require  both  correc- 
tion and  extension  to  be  really  valuable.  They  take  no  account 
of  that  important  £BU3tor,  the  internal  organisation  and  special 
quality  of  the  brain,  and  its  grey  and  white  substance ;  though 
the  age  at  death  is  stated,  no  allowance  is  made  for  its  un- 
doubted effects ;  the  influence  of  disease  is  ignored,  although 
it  is  obvious  that  this  may  have  been  such  as  either  to  raise 
or  lower  the  specific  gravity  of  the  brain  substance,  or  to  cause 
either  enlargement  or  wasting  in  different  cases;  in  Cuvier's 
brain,  for  example,  there  was  on  one  hemisphere  a  large  mass 
which  might  have  been  the  result  of  some  abnormal  condition. 
Again,  no  note  is  taken  of  the  weight  or  height  of  the  body 
as  influencing  the  size  of  the  encephalon ;  and  lastly,  the 
relation  between  the  size  of  the  cerebrum  and  cerebellum  is  in 
no  instance  set  forth.  Moreover,  we  possess  no  observations  on 
the  brain-weights  of  distinguished  women;  and  in  regard  to 
men,  it  has  been  chiefly  those  who  have  been  devoted  to  science 
whose  brains  have  hitherto  been  weighed,  whilst  the  weight  of 
the  brain  in  literary  men,  poets,  artists,  and  musicians  has  not 
been  ascertained  or  published.  Further  and  varied  examples, 
accompanied  by  many  collateral  data,  are  accordingly  much 
needed  in  connection  with  this  inquiry. 

As  the  effects  of  age  are,  at  all  events,  undoubted,  and 
capable  of  tolerably  exact  recognition,  I  may  venture,  by  way 
of  illustration,  to  submit,  side  by  side  with  a  Table  copied 
from  Dr  Thumam  (I.),  another  (II.)  in  which  the  weights  of 
the  brains  are  corrected  for  age,  on  the  calculation,  based  on 
Dr  Boyd's  extensive  researches,  that  the  encephalon  may  suffer 
a  loss  of  3  ozs.  and  a  fraction  between  the  ages  of  40  and  80 
years. 


THE  BRAIN  OF  THE  LATE  GEORQE  OROTE. 


29 


Tablb 

I. 

Tablv  II. 

Becorded  Brain-weiglits. 

Brain-weights  corrected  foi 

•age. 

1 

Weight 

Weight 

Karnes. 

Ages. 

in 
ounces. 

Karnes. 

Ages. 

*  ** 
in 

ounces. 

CaTier     . 

63 

64-3 

Cuvier     , 

40? 

65-9 

AbcTcrombie    . 

64 

63 

Abercrombie    , 

64-7 

Spurzheim 

56 

55 

Campbell 

— 

56-7 

Diriehlet 

54 

53*6 

Spurzheim 
Webster  . 

■iHk    * 

56 

De  Homy 

50 

53-6 

— 

55-5 

Webster,  D.     . 

70 

58*5 

Gauss 

— 

55  8 

Campbell,  Lord 

80 

53-5 

Chalmers 

... 

54-8 

Chalmers 

67 

53 

Diriehlet 

54  3 

Fucbs 

52 

52-9 

De  Momy 

54 

Gann 

78 

52-6 

Fachs 

w_ 

53*6 

Dupuytron 

58 

50-7 

Dupuytreu 

— 

51-9 

Whewell 

71 

49 

Whewell 

—. 

51-2 

Henoann 

51 

47-9 

Hermann 

_~ 

48-4 

Tiedemann 

80 

44-2 

Tiedemann 

._ 

47-4 

HauBmaim 

76 

43*2 

Hausmann 

^— 

45*4 

Ayerage  of  1 0  persoi 

rialTom 

Average  of  lOpersons  from 

50  to  70  years 

•        • 

54-7 

50  to  70  years 

56-2 

Average  of  1 5  persoi 

Dsfrom 

Average  of  15  persons  from 

50  to  80  years 

■        • 

52-7 

60  to  80  years 

64*8 

The  iafluence  of  age  alone  is  such  that  Lord  Campbeirs 
position  is  raised  from  the  7th  to  the  3rd  place  in  the  series ; 
that  Gauss  the  Mathematician  ascends  from  the  10th  to  the 
Gth  place;  that  Spurzheim  loses  one  place;  that  not  only 
Campbell  and  Gauss,  but  also  Webster  and  Chalmers  take 
precedence  of  Diriehlet  (Mathematician)  and  De  Momy  (Poli- 
tician) ;  and  lastly,  that  the  relative  position  of  the  names  from 
Fuchs  (Pathologist)  downwards,  with  the  exception  of  Gauss, 
remains  unaltered.  In  spite  of  the  considerable  additions  made 
to  the  weights  of  Tiedemann's  and  Hausmann's  brains,  owing  to 
their  advanced  age,  their  positions  in  the  two  Tables  remain  the 
same. 

The  weights  of  the  brains  of  5  eminent  men,  comparatively 
recently  dead,  are  here  shown,  first,  as  recorded,  and  secondly, 
as  corrected  for  age. 
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Table  III. 
Brain-weights  as  recorded. 

Tabf.r  IV. 
Brain-weights  as  corrected  for  age. 

Names. 

Ages. 

Weight 

in 
ounces. 

Karnes. 

Ages. 

Weight 

in 
ounces. 

Thackeray 
De  Morgan 
Grote 
Babbage  . 
Grant 

62 
65 
75 
79 
80 

68*5 
6275 
4975 
49-5 
45 -6 

Thackeray 
De  Morgan 
Babbage  . 
Grote 
Grant 

40  f 

59 
54*6 
62*5 
62 

4875 

Average  of  5  persons  from 
60  to  80  years 

61-2 

Average  of  5  persons  from 
50  to  80  years 

63-85 

The  high  weight  of  the  late  Mr  Thackeray's  brain  will  not 
escape  attention.  It  will  be  noticed  that,  when  corrected  for 
age,  Mr  Babbage's  brain  requires  to  be  moved  up  one  place, 
interchanging  with  Mr  Grote's.  The  size  of  Mr  Grote's  brain, 
whether  taken  as  recorded,  or  as  corrected  for  age,  places  it  7th 
from  the  bottom  in  the  total  number  of  20  brains  here  tabulated, 
coming  near  to  the  brains  of  Babbage,  Dupuytren,  aud  Whewell. 
Judged  by  the  19  examples  with  which  it  is  here  grouped,  it 
cannot  be  said  to  have  been  a  very  large  brain.  It  did  not 
reach  the  macrocephalic  standard  of  Welcker,  53  ozs.  Never- 
theless, it  was  a  large  brain ;  its  actual  weight,  49*75  ozs.,  is 
within  2*55  ozs.  of  the  mean  weight  of  the  above-named  20 
brains,  viz.,  52*3  ozs. ;  and  if  we  exclude  the  very  exceptional 
brains  of  Cuvier  and  Abercrombie  (the  former  of  which  had 
something  abnormal  about  it),  the  mean  weight  of  the  remain- 
ing 18  examples  is  50*6  ozs.,  showing  a  relative  deficiency 
in  reference  to  this  mean,  on  the  part  of  Mr  Grote's  brain,  of 
only  1  oz.  In  proof  of  the  very  exceptional  character  of  Cuviei^s 
and  Abercrombie's  brains,  it  may  here  be  stated,  that  in  about 
700  brains  of  males  recorded  in  Dr  Boyd's  Tables  relating  to 
the  sane,  at  all  ages  from  20  to  80,  the  maximum  weight  was 
60}  oza ;  whilst  amongst  295  insane  males,  from  30  to  80  years 
of  age,  the  maximum  was  58f  ozs. :  it  must  be  remarked,  how- 
ever, that  these  cases  are  all  derived  from  the  poorer  classes. 
Again,  out  of  964  male  and  female  braius,  at  all  ages,  collected 
by  R.  Wagner,  only  13  weighed  60  ozs.  and  upwards. 
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The  necessaiy  data  for  forming  a  critical  estimate  of  the 
respectiye  inflaence  of  stature,  bulk  of  body,  and  disease,  on  the 
farain-weights  of  the  above-mentioned  eminent  men,  cannot  now 
be  sufficiently  accurately  determined  Some  at  least  of  those 
persons  were  of  lofty  stature  and  of  good  muscular  development, 
as  for  example  Thackeray,  De  Morgan,  Grant,  and  Dirichlet; 
and  it  might  be  held  that  this  would,  in  part,  explain  the  large 
size  of  their  brains,  for  the  brain  is  absolutely  larger  in  tall  and 
muscular  men,  on  the  same  grounds  probably  as  it  is  larger  in 
men  than  in  women,  viz.,  as  a  consequence  of  the  greater  bulk 
of  the  volitional,  emotional,  and  purely  reflex  nervous  apparatus, 
required  to  control  or  excite  their  larger  muscular  system.  It 
is  poesible,  indeed,  that  persons  of  great  stature  may,  by  virtue 
of  their  large  nervous  centres,  be  endowed  with  certain  peculiari- 
ties of  mental  constitution,  such,  for  example,  as  endurance  and 
application,  as  well  as  of  rare  or  exceptional  bodily  power.  But 
the  size  of  the  brain  is  not  entirely  dependent  on  the  stature, 
for  Tiedemann  was  a  tall  and  well-developed  man,  and  yet  he  is 
low  in  the  preceding  list  Hausmann  was  also  tall,  and  yet  his 
brain  was  the  smallest  <^  the  20  examples  collected.  On 
the  other  hand,  of  those  mentioned  some  were  only  of  average 
height,  though  in  some  of  these  the  brain  was  above  the  average 
weight.  If  it  were  possible,  it  would  certainly  be  right  to  take 
into  consideration  the  stature  of  distinguished  men,  whilst 
endeavouring  to  set  a  proper  value  on  their  cerebral  develop- 
ment. This  would  be  of  even  more  importance,  as  will  imme- 
diately appear,  in  reference  to  the  relative  volumes  of  the 
cerebrum  and  cerebellum,  a  subject  concerning  which  we  have 
little  or  no  information  in  the  case  of  eminent'  men. 

7.  Weights  of  the  Cerebrum  and  CerebeUv/m,  absol/ute 

and  relative. 

The  special  wish  expressed  by  Mr  Grote,  that  it  should  be 
observed  in  his  case  "  whether  the  cerebellum  was  deficient  as 
compared  with  the  cerebrum,"  was  not  at  first  known  to  me ; 
but  I  had  fortunately  weighed  these  parts  soon  after  the  brain 
had  been  partly  hardened  in  spirit,  and  its  membranes  had  been 
removed     The  entire  brain  in  that  state  weighed  39  oza,  of 
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which  the  cerebrum  contained  34*25  ozs.,  the  cerebellum  4  ozs. 
and  the  pons  with  the  medulla  oblongata  '75  ozs.     By  calcula- 
tion, as  the  recent  brain  weighed  49*75  ozs.,  we  obtain  43*7  oza 
for  the  cerebrum,  5*1  ozs.  for  the  cerebellum,  and  '95  oz.  for  the 
pons  and  medulla  oblongata.     Now,  this  would  give  a  ratio   of 
8*57  to  1  for  the  relative  weights  of  the  cerebrum  and  cere- 
bellum.     According    to    the    calculations    of    Dr    Beid    and 
Huschke,  the  average  ratio  between  these  parts  in  the  adult 
male  varies  from  8*57  to  1,  to  about  8  to  1 ;  and  since,  farther, 
it  appears  that  the  weights  of  these  organs,  as  recorded  in  Dr 
Boyd's  Tables  (op.  cit,  253),  in  95  males,  aged  between  70-80 
years,  and  of  various   heights,  furnish   an   average  ratio   to 
each  other  also  of  nearly  8  to  1,  it  would  seem  that  in  Mr 
Grote's  case,  the  proportionate  weights  of  the  cerebrum  and 
cerebellum  to  each  other  were,  as  compared  with  male  adults 
generally,  nearly  normal,  and  as  compared  with  those   of  his 
own  decade  of  existence,  absolutely  normal    But  a  closer  con- 
sideration of  the  facts  shows  that  this  was  not  really  the  case^ 
and  serves  to  illustrate  the  feUacy  of  reljring  unreservedly.on 
numerical  averages.    For,  as  already  mentioned,  the  influence 
of  stature  on  the  i*elative  size  of  the  encephalon,  as  compared 
with  that  of  the  body,  requires  further  investigation ;  so  that 
we  may  be  able,  not  only  to  compare  both  the  absolute  and  the 
relative  weights  of  the  cerebrum  and  cerebellum  in  individuals 
of  high  or  low  stature,  with  the  average  absolute  and  relative 
sizes  of  those  organs  in  persons  of  average  stature,  but  to 
compare,  in  these  respects,  tall  persons  with  tall  persons,  and 
short  ones  with  short  ones.     In  this  way  alone — ^that  is,  by  con- 
trasting persons  of  corresponding  or  approximative  stature,  as 
well  as  of  corresponding  or  approximative  age — can,  not  merely 
the  weights  of  the  cerebrum  and  cerebellum  as  compared  with 
the  body,  but  their  relative  weight  as  regards  each  other,  be 
estimated  truly. 

Reverting  now  to  the  proper  subject  of  this  paper,  and  applying 
the  result  of  the  preceding  conclusions  to  the  inquiry  concerning 
the  relative  weights  of  Mr  Grote's  brain  as  compared  with  the 
stature,  and  of  the  parts  to  the  stature  and  the  weight,  we  find 
that,  whereas  the  average  proportion  between  the  encephalon  and  the 
height  of  the  body,  from  70  to  80  years  of  age,  is  '6925  oz.  to  every 
inch  of  height,  in  Mr  Grote  it  was  '6958  oz.  to  every  inch.    Moreover, 
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of  die  several  parts  of  the  encephaJon,  the  average  proportion  of 
cerebram  to  the  height  of  the  body  is  as  1  oz.  to  1  '66,  or  '6027  oz. 
to  each  inch,  whilst  in  Mr  Grote  it  was  1  oz.  to  1  *605  inches  and  '605 
oz.  to  an  inch.  The  average  cerebellar  ratio  is  1  oz.  to  13 '3  inches, 
or  '0736  oz.  to  1  inch,  whereas  in  Mr  Grote  it  was  1  oz.  to  13 '8  inches, 
or  *07608.  Furthermore,  the  average  proportion  of  the  cerebrum  to 
the  cerebellum,  between  70  and  80  years  of  age,  is  7 '96  to  1,  whereas, 
as  already  stated,  in  Mr  Grote  it  was  7*95  to  1. 

The  due  appraising  of  these  calculations  is  evident,  and,  as  I  have 
already  stated,  would  confirm  the  conclusion  that  Mr  Grote's  brain 
possesses  a  relative  development  of  cerebrum  and  cerebellum  in  very 
strict  comparison  with  the  average  proportions.     But  if  we  next  pro- 
ceed, as  it  is  evident  we  should  do,  to  compare  the  encephalon  and 
its  parts  in  Mr  Grote,  who  was  a  tall  man,  viz.,  71*5  inches  in  height, 
with  the  same  parts  in  similarly  tall  persons,  t.6.,  in  those  who 
reached  70  and  72  inches  of  stature,  we  find  the  severed  quantities  and 
proportions  are  very  different.     Thus,  the  figures  and  proportions 
recorded  show    that  in   67   persons,  varying   in  height  from    70 
to   72  inches,  the  average  weights  of  their  encephalon,  cerebrum, 
cerebellum,  and  pons  were  48*18,  41*6,  5 '47,  and  1*11,  whereas  in  Mr 
Grote  their  comparative  weights  were  49*75, 43'7, 51, and  *95.    Again, 
the  proportions  of  these  Heveral  figures  to  the  stature,  instead  of  being 
1  oz.  to  1-47,  to  1*7,  to  13,  and  to  64,  were  1  to  1*43,  to  1*65,  to  13  8, 
and  to  68  inches ;  or,  as  otherwise  expressed,  the  average  growth  of 
these  several  organs  in  persons  of  70  to  72  inches  in  height,  in  pro- 
portion to  their  height,  is  found  to  be  '678,  '586,  *077,  and  '015  oz.  to 
each  inch  of  stature,  whilst  in  Mr  Grote  they  were  *695,  '611,  *071, 
and  "013  respectively.     Hence,  it  seems  to  be  firmly  established  that  if 
we  allow  for  age  alone,  Mr  Grote's  cerebrum  and  cerebellum  closely 
approximate  to  the  usual  size,  but  that  if  we  also  take  stature  into 
account,  the  cerebrum  was  somewhat  above  and  the  cerebellum  very 
little  below  the  usual  size  of  these  organs  in  persons  of  corresponding 
height ;   the  difference  of  increase  in  the  former  amounts  to  ^  and 
that  of  diminution  in  the  latter  to  about  ^iiy  of  the  average  size  of 
these  parts  respectively  ;  and  that,  whereas  the  average  proportions  of 
the  cerebrum  to  the  cerebellum,  in  persons  of  70  to  72  inches  in 
height  has  been  foimd  to  be  7*6  to  1,  in  the  case  of  Mr  Grote  it  was 
8*57  to  1. 

The  final  answer,  therefore,  to  the  question  which  Mr  Grote 
desired  should  be  especially  replied  to,  *'  whether "  in  his  case 
"  the  cerebellum  was  deficient  as  compared  with  the  cerebrum," 
is  that  it  was  so  deficient ;  but  this  relative  deficiency  was  due 
to  an  absolute  increase  of  the  cerebrum,  rather  than  to  any 
important  diminution  of  the  cerebellum.  Indeed,  as  observed 
by  the  eye  alone,  this  latter  organ  appeared  to  be  relatively 
below  the  average  size ;  for  it  was  overlapped  largely,  both  at 
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the  sides  and  behind,  by  the  cerebrum,  and  this  although  it 
seemed  as  broad  as  usual.  It  remains  to  be  added,  that  in  Mr 
Grote's  case  the  pons  and  medulla  followed  the  cerebellum, 
being  below,  and  even  much  more  markedly  below,  the  average 
size  and  proportional  size  to  the  body.  The  pons  Varolii  was 
rather  flat  in  shape;  whilst,  on  the  contrary,  the  medulla 
oblongata  appeared  to  be  wide  and  large. 

So  confessedly  obscure  is  the  physiological  action  of  the  cere- 
bellum,  that  it  is  not  possible,  with  certainty,  to  associate  a 
deficiency  in  the  development  of  that  part  of  the  encephaloQ 
with  any  recognised  peculiarity  in  the  living  habits  of  its 
possessor.  The  well-known  hypothesis  of  its  connection  with 
the  manifestation  of  certain  desires  or  attachments  receives  no 
confirmation,  but,  on  the  contrary,  is  weakened  by  every  im- 
partial investigation;  it  is  therefore  superfluous  to  raise  tills 
view  of  the  question.  But  if  we  assume  that,  directly  or  in- 
directly, the  cerebellum  has  some  controlling  or  co-ordinating 
power  over  the  movements  of  the  body,  it  may  be  that  the 
slight  relative  deficiency  in  the  cerebellum,  which  is  to  be 
construed  rather  into  a  relative  preponderance  of  the  cerebrum, 
has  reference  merely  to  the  greater  use  which  the  late  Historian 
made  of  his  cerebrum,  as  compared  with  his  cerebellum. 

But  in  reference  to  any  perfection  or  deficiency  in  regard  to 
the  habitual  concerted  movements  of  the  body,  I  must  defer  to 
those  who  have  had  a  more  intimate  acquaintance  with  him  than 
that  to  which  I  can  lay  claim. 

General  Form  of  the  Cerebrum, 

The  general  form  of  a  given  cerebrum  must  depend  greatly 
on  the  form  of  the  cranium,  or  at  least  must  correspond  with  it 
Now,  the  dimensions  of  Mr  Grote's  hat  already  given,  viz.,  8f 
inches  by  6 J  inches,  give  a  ratio  of  length  to  breadth  of  100  to 
80*6.  The  actual  measurement  of  the  head  furnished  nearly 
similar  results,  viz.,  100  to  80*9.  The  ci-anium,  therefore,  was 
on  the  verge  between  the  dolichocephalic  and  the  brachy- 
cephalic  type,  but  slightly  inclined  to  the  latter.  The  cerebrum, 
when  removed  fi'om  the  cranium,  appeared  also  to  be  broad  in 
proportion  to  its  length.     Those  who  remember  Mr  Qrote  well 
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w31  admit,  however,  that  his  head  was  characterised  by  great 
heigfitj  and  a  measurement  which  I  took,  from  one  external 
auditory  meatus  to  the  other,  over  the  highest  part  of  the  vertex, 
shows  that  this  was  the  fact,  and  that  the  cranial  cavity,  and 
ccHiseqnently  the  cerebrum,  were  unusually  lofty. 

The  several  measurements  taken  of  the  head,  still  covered  by 
the  soft  parts,  were  as  follows : — 

Length  (extreme) 81  inches. 

Breadth  (extreme) 6*5 

Circumference  (extreme)  22*25    „ 

From  root  of  nose  to  occipital  protuberance, 

over  the  vertex        .  .     13*5      „ 

From  one  auditory  opening  to  the  other, 

over  the  vertex        ....     15*75    „ 

Dr  J.  Barnard  Davis  gives,  as  one  of  the  cranial  measure- 
itteatSi  an  intermastoid  arch,  extending  from  the  tip  of  one 
mastoid  process  over  the  vertex  of  the  dried  skull  to  the  tip  of 
the  other :  in  some  English  skulls,  with  an  average  circum- 
lereDce  of  20*6  inches,  this  arch  measured  14*4  inches ;  in  certain 
rreiMih  skulls,  the  two  measurements  were  20*1  inches  and  14*3 ; 
*nd  in  a  German  skull,  they  were  respectively  19*7  inches  and 
M-2  inches.  Allowing  only  J  inch  on  each  side  for  the  pro- 
jection downwards  of  the  mastoid  process  below  the  auditory 
^'^tus,  and  neglecting  the  thickness  of  the  soft  coverings  of 
«ie  head,  which,  indeed,  would  increase  the  circumference  more 
than  the  vertical  measurement,  we  have  in  Mr  Grote's  case  a 
proportion  of  22*26  inches  to  16*25  inches ;  whereas,  with  a 
^^umference  of  22*25  inches,  the  intermastoid  arch  would  be  on 
the  English  scale  about  15*4  inches,  on  the  French  15*6  inches, 
^d  on  the  German  16*8  inches.  Thus  the  relative  height  of 
^f  Orote  s  head  was  unusual,  and  in  this  respect  his  cranium 
^^tnbled  the  German  type.  This  may  be  interesting,  seeing 
that  his  paternal  grandfather  was  pure  German  from  Bremen, 
»^Qt  was  married  to  an  Englishwoman.  His  maternal  grand- 
^ther  was  English,  but  was  married  to  a  Frenchwoman,  whose 
ancestry,  however,  was  also  partially  English.  Mr  Grote's 
^^scent  was  accordingly  more  than  half  English,  one-fourth 
^^an,  and  less  than  one-fourth  French. 
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As  a  further  illustration  of  the  UDURual  height  of  Mr  Grote's 
head,  it  may  be  added  that  in  a  series  of  adult  male  heads 
measured  by  Dr  Boyd,  with  a  mean  circumference  of  22*24 
inches,  the  mean  measurements  fi'om  the  opening  of  one  ear  to 
that  of  the  other  over  the  vertex  was  13'28  inches ;  and  in 
even  the  larger  measurements,  with  an  average  circumference 
of  23*64  inches,  the  transverse  measurements  over  the  head 
from  ear-opening  to  ear-opening  was  only  14'9  inches, — the 
corresponding  measures  on  Mr  Grote's  head  being  22*25  inches 
and  15*75  inches. 

An  interesting  question  here  arises  as  to  whether,  not  only 
in  Mr  Grote's  case,  but   usually,  an  unusual  height   of  the 
cranium  is  not  associated  with  a  relatively  large  cerebrum,  or 
Rmall  cerebellum,  or  rather  with  a  diminished  size  of  the  lovrer 
occipital  fossae  of  the  skull.     For,  supposing  that  portion  of  the 
occipital  bone  which  lodges  the  cerebellum  to  be  in  accordance 
with  the  size  of  its   contained   organ,  deficient  in  length    or 
width,  there  would  not  be  the  same  antero-posterior  or  lateral 
space  above  the  tentorium  for  the  lodgment  of  the  hinder  part 
of  the  cerebrum  ;  in  which  case,  that  portion  of  the  encephalon 
might  have  to  find  room,  partly  at  least,  in  an  increased  vertical 
development  of  the  cranium.     On  studying  the  Tables  given  at 
the  end  of  Dr  Davis's  Tfieaaurus,  founded  on  extensive  observa- 
tions, it  certainly  appears  that    in    dolichocephalic    or  long 
skulls  the  intermastoid  arch  is,  as  a  rule,  proportionally  to  the 
circumference,  low ;  whilst  brachycephalism,  or  breadth  of  head, 
is  usually  accompanied  with  a  more  highly-vaulted  intermastoid 
measurement.     There  are,  however,  occasional  exceptions,  which 
a  more  careful  analysis  as  to  the  influence  of  partial  s}'nostosis, 
or  other  causes,  might  serve  to  explain.     On  the  whole,  however, 
long  heads  appear  to  have  a  tendency  to  be  low,  and  broad  heads 
have  a  disposition  to  be  high,  as  if,  when  the  cerebrum  did  not 
find  room  backwards  and  forwards,  it  must  obtain  accommoda- 
tion upwards. 

Whether,  moreover,  dolichocephalism  is  generally,  or  more  or 
less  frequently,  associated  with  a  relatively  large  cerebellum,  and 
brachycephalism  with  a  relatively  small  one,  is  a  further 
question  not  devoid  of  interest.  The  influence  of  stature,  which,  | 
as  we  have  seen,  is  greater  on  the  cerebellum  than  the  cere- 
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brum,  could  not  be  here  neglected ;  and  it  ia  tolerably  certain 
the  dolichocephalic  are  taller  than  the  brachycephalic  men 
and  women. 

Precise  data  by  which  this  question  could  be  solved — and, 
in  any  direction  in  which  the  truth  may  lie,  the  solution 
of  it  would  be  valuable — do  not  appear  to  me  to 
exist. 

Dr  Davis  furnishes  the  dimensions  o(  bl  fronto-occipital  arch, 
extending  from  the  fronto-nasal  suture  along  the  vertex  to  the 
posterior  border  of  the  foramen  magnum,  and  he  also  gives  the 
length  of  the  frontal,  parietal,  and  occipital  portions  of  this 
arch  ;  but  what  is  required  is  an  additional  measurement  fi-om 
the  occipital  protuberance  to  the  hinder  edge  of  the  foramen 
magnum,  supplemented,  if  practicable,  by  a  traiwverse  and  a 
vertical  measurement  of  the  lower  occipital  fossae,  so  as  to 
enable  one  to  estimate  the  size  of  the  cerebellar  fi8  diatinguished 
from  the  cerebral  space  or  chamber  of  the  cranial  cavity.  It 
is  certainly  desirable  to  have  some  knowledge  of  the  cerebral 
and  cerebellar  capacity,  as  well  as  of  the  general  cranial 
capacity  of  national,  racial,  and  remarkable  individual  skulls^ 
both  male  and  female.  Such  information  might  be  particularly 
interesting  in  reference  to  archaic  or  inferior  modern  types  of 
human  skulls.  I  have  made  a  few  observations,  but  they  are 
at  present  insufficient  in  number  to  lead  to  any  important 
conclusions. 

8.  Proportions  of  the  Chief  Subdiviaions  or  Lobes  of  the 

Cerebi'UTYi, 

Whoever  is  most  familiar  with  the  complex  characters  of  the 
human  cerebral  surface,  or  rather,  I  would  say,  whoever  has 
endeavoured  carefully  to  compare  the  greatest  number  of 
brains,  one  with  another,  can  best  appreciate  the  extreme 
difficulty  of  defining  and  expressing,  from  observations  however 
close,  the  relative  size  or  extent  of  the  several  regions  or  areas 
of  the  cerebrum  known  as  the  lobes,  in  different  healthy  indivi- 
duals, except,  indeed,  in  cases  of  strongly-marked  national 
peculiarities,  or  in  instances  of  defective  development.  In  the 
first  place^  we  have  no  recognised  or  ascertained  standard  of 
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normal  proportion  between  the  several  so-called  lobes;  secondlj, 
the  very  boundaries  of  these  lobes,  though  obvious  enough  in 
some  parts,  are  not  precise  in  other  parts ;  and  thirdly,  there 
are  the  inherent  difficulties  of  actually  measuring  such  complex 
surfaces.  Rudolph  Wagner,  and  subsequently  his  son,  have 
entered  upon  this  inquiry,  and  have  measured,  by  a  most  elabo- 
rate process,  the  convoluted  surfaces  of  the  several  cerebral  lobes. 
But  the  method  pursued  by  them  is  too  laborious  to  be  very 
widely  followed. 

I  will  here  first  state  the  conclusions  at  which  I  arrived 
in  regaid  to  the  lobes  of  Mr  Grote's  cerebrum  from  ocular 
inspection  only,  aided  by  comparisons  of  it  with  other  cerebra, 
and  judged  of  by  some  considerable  experience  in  this  subject ; 
and  secondly,  I  will  give  the  results  of  a  method  of  examina- 
tion which  I  subsequently  adopted. 

The  frontal  lobes,  defined  as  the  parts  lying  in  each  hemi- 
sphere, in  front  of  the  fissures  of  Rolando  above,  and  the 
entrance  of  the  Sylvian  fissures  below,  appeared  decidedly  large 
in  every  direction,  t.6.,  height  and  breadth  and  length ;  but  in 
'particular,  the  median  portions,  placed  on  each  side  of  the 
longitudinal  fissure,  extended  very  far  backwards  between  the 
parietal  lobea  As  to  the  inferior  or  orbital  surfaces  of  the 
frontal  lobes,  they  were  both  very  long  and  very  broad.  They 
were  as  wide  at  the  base  as  they  were  long;  they  reached 
further  forwards  than  usual  beyond  the  olfactory  bulbs,  and 
projected  remarkably  at  their  outer  and  posterior  angles,  in 
front  of  the  Sylvian  fissures.  The  partetaZ  lobes  seemed  to  be 
proportionally  short,  near  the  middle  line  from  before  back- 
wards, and  moreover,  somewhat  displaced  backwards  by  the 
long  median  portion  of  the  frontal  lobes;  but  this  local 
deficiency  was  compensated  for  by  their  being  very  wide  and 
full  on  the  lateral  aspects  of  the  cerebrum.  The  ternporal 
lobes,  whether  viewed  from  the  sides  or  from  below,  seemed 
short  from  before  backwards,  but  very  broad  laterally,  and  of 
good  depth  ;  their  apices  were  much  incurved  behind  the  com- 
mencement of  the  Sylvian  fissure.  The  occipital  lobes  were 
very  short  and  shallow,  but  were  very  wide.  On  the  whole, 
these  last-named  lobes  seemed  to  be  the  most  defective ;  whilst  of 
the  others,  all  of  which  seemed  Jarge,  the  parietals  appeared  to 
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be  the  Iea9t  in  excess,  the  temporals  more  so,  and  the  frontals 
the  most.  Viewed  generally,  the  cerebral  hemispheres  would 
be  sftid  to  have  a  very  long,  wide,  deep,  and  therefore  ample 
froDtal  developm^it,  a  wide  parietal  and  temporal  developmeat, 
and  a  short  and  thin  occipital  region.  On  the  internal  surface 
of  the  hemispheres,  within  the  longitudinal  fissure,  the  fnmtal 
portion  also  extended  yety  far  back  ;  the  square  paiietal  portion 
was  short  from  front  to  back,  and  was  pushed  obliquely  back- 
wards ;  the  internal  perpendicular  fissure  was  much  inclindd  in 
the  same  direction ;  and  the  triangular  occipital  portion  behind 
it  wafi  very  amalL  The  temporal  portions  overhung  the  cere- 
bellum at  least  half  an  inch  on  each  side ;  and  the  occipital 
portion,  pushed  back,  as  it  were,  by  the  parietal,  and  that  by 
the  frontal,  projected  three-quarters  of  an  inch  beyond  the  cere- 
bellum behind.  Of  the  two  hemispheresy  the  right  was  rather  the 
l<»iger,  both  in  front  and  behind,  which  is  unusual ;  and,  contcaiy 
to  Dr  Boyd's  general  experience,  with  which,  however,  that  of 
other  observers  has  not  been  alwvys  eonformable,  it  proved  to 
ht  somewhat  the  heavier  of  the  two, — their  respective  weights 
differing  by,  however,  only  25  grs.  when  acted  on  by  the  pre^ 
serving  alcohol 

Not  satisfied  with  the  preceding  estimate  from  inspection 
only  of  the  relative  proportions  between  the  several  lobes,  I 
proceeded,  in  the  manner  described  below,  to  subdivide  the  left 
hemisphere  into  its  component  parts ;  and,  having  done  the 
same  with  three  other  male  cerebra,  I  weighed  all  the  parts  in 
each  case,  and  obtained  the  subjoined  results. 

The  fissure  of  Rolando  was  first  opened  out  along  its  whole 
length  with  the  fingers,  and  the  substance  of  the  hemisphere 
was  then  torn  in  the  direction  of  its  radiating  fibres,  as  these 
would  permit,  gradually  down  through  the  short  attached  piece 
of  the  cerebral  peduncle ;  in  doing  this,  the  narrow  convolutions 
which  surround  the  two  ends  of  the  fissure  in  question,  and 
separate  it  from  the  longitudinal  and  Sylvian  fissures,  were 
necessarily  torn  across,  and,  on  the  inner  surface  of  the  hemi- 
sphere, the  process  of  laceration  had  to  be  continued  down- 
wards through  the  middle  of  the  convolution  of  the  corpus 
callosmn,  and  through  that  oommisHure  itself  The  portion  of 
the  hemisphere  thus  removed  from  the  rest  might  be  called 
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the  fronto-insuLar  lobe,  for  it,  of  course,  includes  the  Island 
of  Reil ;  but  as  this  last-named  part,  when  pared  off  from  the 
rest,  weighed  only  135  grains  out  of  6  or  8  ozs.,  it  was  thoug-ht 
better  to  reckon  the  whole  as  the  frontal  lobe.  With  this  lobe, 
also,  there  remained  conuected  about  \  of  the  corpus  striatum, 
about  \  of  the  optic  thalamus,  nearly  \  of  the  cerebral  peduncle, 
nearly  \  of  the  corpus  callosum  and  its  convolution,  and  a 
mere  fragment  of  the  forepart  of  the  fornix. 

The  internal  perpendicular  fissure,  between  the  parietal  and 
the  occipital  lobes,  and  the  hinder  part  of  the  horizontal  fissure 
between  the  occipital  and  temporal  lobes,  being  next  followed 
by  deeper  and  deeper  separation  in  the  direction  of  the  white 
fibres,  the  occipital  lobe  was  set  free,  as  a  wedge-shaped  mass, 
— a  few  convolutions,  the  so-called  connecting  ones,  having 
been  necessarily  torn  across  on  the  upper,  outer,  and  under 
aspects  of  the  hemisphere.  With  this  lobe,  some  of  the  thick- 
ened hinder  part  of  the  corpus  callosum  came  away,  but  no 
portion  of  the  cerebral  peduncle  was  reached. 

By  next  following  the  direction  of  the  bottom  of  the  recess, 
from  which  the  occipital  lobe  had  been  removed,  and  by  tearing 
across  the  continuation  of  the  so-called  bent  convolution  with 
the  superior  temporal,  below  the  hinder  end  of  the  Sylvian 
fissure,  the  parietal  and  temporal  lobes  were  readily  separated, 
the  process  of  tearing  being  here  also  carried  through  that  part 
of  the  cerebral  peduncle  which  was  lefk  after  the  removal  of  the 
fronto-insular  mass.  With  the  parietal  lobe,  there  were  con- 
nected, besides  one-third  of  the  short  piece  of  the  cerebral 
peduncle,  about  one-fifth  of  the  corpus  striatum,  nearly  half  of 
the  optic  thalamus,  and  at  least  one-third  of  the  corpus  callosum, 
of  its  convolution,  and  of  the  fornix,  all  of  which  had  been  torn 
across.  With  the  temporal  lobe,  besides  a  small  portion  only  of 
the  cerebral  peduncle,  a  mere  strip  of  the  corpus  callosum,  the 
descending  portion  of  the  fornix,  and,  it  may  be  added,  the 
anterior  commissure. 

To  test  the  method  thus  employed,  especially  as  to  uniform- 
ity of  result,  the  right  hemispheres  were  afterwards  separated 
in  the  same  manner,  with  results  as  nearly  similar  as  could  be 
expected,  so  far  as  the  topographical  lines  of  separation  were 
concerned.    I  have  since  also  examined  and  weighed  the  corre- 


THE  BBA.m  OF  THE  LATE  QEORQE  GROTE. 


41 


^nding  separated  parts  of  the  cerebrum  of  some  of  the  higher 
Mammalia ;  but  the  results  of  these  latter  researches  I  reserve, 
as  beside  the  present  inquiry. 

The  actual  and  the  proportional  weights  of  the  four  lobes  of 
the  left  hemisphere,  in  the  four  preserved  human  cerebra,  were 
as  follows : — 

Table  No.  V. 


<t.  Weights  in  ouDces  and  grains. 


D^igna- 
tiou. 


Ages. 


Entirft 
Hemi- 
sphere. 


A's  . 
B*s  . 
C's  . 


62 
64 
68 


ozs.  grs. 

18  40 

14  825 

14  26 


Average   .      62-68 


15    276 


Frontal 
Lobe. 


ozs.  grs. 

8  100 

6  275 

6  125 

7  21 


Parietal 
Lobe. 


Temporal  ,  Occipital 
Looe.      I      Looe. 


ozs.  gre. 

8  297  -5 
8   27-6 

2  420 


3  103 


ozs.  grs.  ozs.  grs. 

4   80  !  2  60 

8  142*6'  1  317*5 

8   67  I  1  287*6 


8  193  I  1  864 


Mr  Grote*8 

75 

14     410 

6     320 
Weights  in 

8       82-6 
grains. 

3     132-6 

,    1     812-6  1 

A'8  . 

B's  . 
Cs  . 

62 
64 
68 

7916 
6460 
6150 

grs, 
3600 
2900 
2760 

gre- 
1610 
1340 
1295 

gre. 
1780 
1466 
1380 

gre. 
926 
755 
725 

Average  . 

62-68 

6838 

3083 

1416 

1506 

801 

Mr  Grote's 

76 

6636 

2946 

1896 

1446 

760 

e. 

Ratios  of  t 

lie  Lobes  to 

the  Hemisp 

here. 

A's. 

B's. 
Cs  . 

62 

64 
68 

100 
100 
100 

46*46 
44*94 
44*72 

20-84 
20-78 
21-06 

22*60 
22-56 
22*44 

11*69 
11-71 
11-78 

Ayerage  . 

62-68 

100 

45*04 

20*73 

22-50 

11-72 

Mr  Grote's 

1 

76 

100 

46-06 

21-36 

.    22*11 

11*47 

It  is  obvious  enough,  on  looking  at  the  preceding  Table, 
that  although  the  actual  weights  of  the  left  hemisphere  and  of 
its  component  lobes,  as  shown  in  sections  a  and  6,  differed 
more  or  less  in  the  four  brains  examined, — the  excess  of 
weight  in  one  case,  A,  that  of  a  very  large-brained  and  distin- 
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guisbed  member  of  bis  profession,  being  very  considerable, 
— nevertbeless  tbe  proportional  weights  of  tbe  sever&l 
lobes  in  all  the  cerebra,  bb  shown  in  section  c.  we  nearly 
uniform,  or  differed  very  slightly  from  some  common  measure 
of  uniformity.  From  this  we  may  conclude,  speaking  generalljr, 
that  however  much  different  healthy  brains  may  differ  from  oise 
another  in  size,  the  relations  of  their  several  parts  or  lobes  to 
each  other,  observe  very  closely  a  certain  standard  or  normal 
ratio  as  to  size. 

Furthermore,  we  cannot  fail  to  notice  that  such  differences 
as  do  exist  in  the  relative  sizes  of  the  several  lobes,  as  compared 
with  the  entire  hemisphere  in  the  different  brains,  are  in  them- 
selves very  slight ;  and,  accordingly,  they  must  not  be  expected, 
in  ordinary  conditions  of  development,  ever  to  be  very  great. 
It  might,  indeed,  be  argued  that  they  are  so  small,  that  they 
have  little  or  no  real  significance ;  but  it  is  perhaps  nearer  the 
troth  to  say  that,  at  present,  their  meaning  is  unknown  to  us, 
and  that  further  observattom,  pnxbably  modified  in  certain 
ways,  and  more  numerous  than  I  can  hope  myself  to  supply, 
require  to  be  made  in  this  direction. 

Taking,  however,  the  evidence  now  before  us,  it  is  plain  that 
the  frontal,  parietal,  temporal,  and  occipital  lobes  stand  very 
nearly,  as  regards  their  weights,  in  the  proportion  to  each  other 
of  the  numbers  4,  2,  2,  and  1.  The  frontal  lobe  is,  in  other 
words,  four  times  as  large  as  the  occipital  lobe,  is  equal  to  the 
parietal  and  temporal  lobes  together,  and  forms  four-ninths  of 
the  entire  hemisphere.  The  great  relative  importance  of  the 
frontal  region  of  the  cerebrum  in  Man,  as  compared  with  even 
the  highest  animals,  thus  receives  a  very  decided  and  definite 
expression;  and,  indeed,  its  preponderance  is  not  only  made 
more  manifest  than  by  mere  ocular  observation,  but  it  exceeds 
in  amount  that  which  would  usually  be  attributed  to  it.  The 
near  approach  in  weight  of  the  parietal  and  temporal  lobes,  and 
the  constant  superiority  of  the  latter,  are  also  facts  which  have 
doubtless  a  physiological  explanation  yet  impossible  to  state. 

If,  next,  we  venture  to  scan  more  closely  the  proportions  of 
the  several  lobes  to  the  entire  hemisphere  and  to  each  other, 
in  the  different  cerebra  examined,  we  find  that,  whereas  the 
greatest  proportionate  size  of  the  frontal  lobe  occurs  in  the 
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lai^g^t  brain,  A,  this  is  not  the  case  in  regard  to  any  of  the 
other  lobes ;  for  the  parietal  and  the  occipital  lobes  are  rela- 
tively the  largest  in  the  smallest  brain,  C ;  whilst  the  temporal 
IB  pfToportionally  the  largest  in  the  medium-sized  brain,  B. 
Again,  if  we  contrast  the  amount  of  variation  in  the  relative 
Azes  of  the  different  lobes,  in  the  four  brains,  we  perceive  that 
ihe  parietal  lobe  varies  the  most,  i,e»,  to  the  extent  of  ^^th 
of  its  highest  ratio;  the  frontal  lobe  stands  next,  varying 
about  ^bh  part  of  its  greatest  relative  weight ;  then  follows 
the  oecipital  lobe,  with  a  variability  of  only  y^^th  ;  whilst  the 
temporal  shows  the  most  constant  weight,  fluctuating  to  the 
extent  of  i^^th  part.  Does  the  greater  range  of  variation  in 
vize  of  the  parietal  and  frontal  regions — though  in  itself  of 
Blight  amount — dimply  any  functional  superiority  over  the  less 
variable  occipital  and  temporal  lobes  ? 

T^nfly,  if  we  aeek,  in  the  numbers  recorded  in  Table  V., 
for  the  means  of  correcting  the  estimate  already  given  from 
observation  only  of  the  relative  size  of  the  several  lobes  in 
Mr  Grote's  cerebrum,  we  find  that  the  frontal  lobe,  though 
inferior  to  the  same  part  in  the  very  large  brain.  A,  is  at  least 
equal  to  the  average  ratio  of  A,  B,  and  C,  and  is  even  relatively 
larger  than  in  B,  which  brain  most  nearly  resembled  Mr  Orote's 
in  actual  weight.  As  to  the  parietal  lobe,  it  is  relatively  larger 
in  Mr  Grote's  cerebrum  than  in  any  of  the  other  three.  If  we 
take  the  fironto-parietal  lobe,  this  is  a  larger  mass  in  Mr  Grote 
than  the  average,  and  larger  than  the  largest  brains,  by  66*41, 
the  average  65*77,  and  the  largest  65*8. 

The  temporal  and  occipital  lobes  are,  on  the  other  hand,  both 
smaller  proportionally  than  in  the  other  cases,  the  occipital  lobe 
being  in  this  respect  the  smallest  lobe.  The  correction  neces- 
sary, therefore,  consists  in  placing  the  parietal  lobe  first,  the 
frontal  next,  the  temporal  next,  and  the  occipital  last  in  the 
descending  order  of  relative  developmenta 

In  concluding  these  remarks,  I  would,  however,  again  draw 
attention  to  the  small  amount  of  the  differences  with  which  we 
have  here  had  to  deal. 
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9.  Characters  of  the  Convolutions  and  of  the  intermediate 

Sulci, 

Were  I  asked  to  indicate  the  most  striking  external 
characteristic  of  Mr  Grote*s  cerebrum,  I  should  reply,  the  great 
breadth,  distinctness,  and  volume  of  the  convolutions  generally. 
Some  of  the  larger  convolutions  reached  as  much  as  •?  of  an 
iuch,  whilst  the  usual  maximum  is  about  ^  inch ;  the  sulci  are 
never  so  narrow  as  *2,  which  is  the  usual  minimum. 

I  have  seen  brains  with  much  more  minute  intricacy  of 
surface,  but  then  the  chief  convolutions,  those  in  fact  which 
bear  definite  names,  were  relatively  small;  but  in  this  parti- 
cular cerebrum,  all  these  convolutions  are  so  rruissive  that  they 
seem  simple,  though  in  reality  they  are  highly  configured  with 
secondary  grooves  and  markinga  It  is  possible,  however,  that 
earlier  in  life,  and  previous  to  the  presumable  effects  of  disease 
as  well  as  of  age,  these  latter  markings  were  somewhat  deeper, 
so  as  to  have  rendered  the  general  surface  of  the  cerebrum  still 
more  intricate.  It  is  further  possible  that  this  most  remarkable 
general  feature  of  the  cerebral  hemispheres  may  be  associated 
with  the  large  commissural  endowments  of  this  particular  brain, 
and  therefore  with  the  abundance  of  white  fibres  passing  into 
the  convolutions  themselves. 

I  distrust  very  much,  or  rather  I  disregard  altogether,  the 
common  statements  so  generally  made  as  to  the  great  depth  of 
the  sulci  in  brains  which  are  being  specially  examined  with  the 
view  of  determining  their  relative  superiority  of  organisation. 
In  ordinary  observations  on  the  brain,  the  depth  of  these  sulci 
is  not  carefully  estimated;  and  I  have  found  in  every  brain 
which  I  have  systematically  investigated  that  the  depth  of 
the  sulci  generally,  and  of  certain  sulci  especially,  was  quite  a 
subject  of  surprise.  Moreover,  unless  the  same  sulci  are,  if  not 
measured,  at  least  si7nultan£OU8ly  contrasted  in  different  brains, 
any  observation  is  valueless  for  comparative  purposes.  These 
considerations  being  borne  in  mind,  it  appears  to  me  most 
desirable  to  discontinue  statements  concerning  the  depth  of 
the  sulci,  or  at  least  to  attach  but  little  special  significance  to 
them  in  individual  cases,  excepting  in  reference  to  such  marked 
deviations  as  occur  in  the  inferior  races  of  Man,  in  idiots,  and  in 
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the  higher  animals  as  compared  with  Man.  Thus,  for  example, 
they  merely  vary  from  \  inch  in  the  occipital  region  to  ^  inch 
on  the  inner  surface  and  1  inch  on  the  outer  surface ;  but 
these  are  the  mean  depths,  and  in  the  idiots  the  maximum 
depth  was  of  ^  an  inch.  My  own  impression,  after  repeated 
observations,  is,  that  like  the  main  fissures  between  the  lobes, 
so  the  primary  sulci  between  the  rows  of  convolutions  are 
always  deepest  in  the  largest  brains;  and  that  their  depth 
depends  rather  on  the  size  than  on  the  complexity  of  a  given 
cerebrum,  which  latter  character  is  entirely  dependent  on  the 
number  of  secondary  windings  and  grooves  which  are  well 
marked.  Hence,  if  the  characters  of  the  several  rows  of  the 
convolutions  themselves  be  accurately  recorded,  the  sulci  may  be 
neglected ;  for  it  may  safely  be  asserted  that  these  latter  are 
relatively  deepest  and  most  marked  in  those  very  regions  in 
which  the  convolutions  are  most  pronounced. 

In  Mr  Grote's  cerebrum,  the  frontal  convolutions  are  not 
only  bold  in  mass,  but  by  far  more  complex  than  those  of  the 
parietal  or  temporal  lobes,  being  particularly  rich  in  their 
numerous  windings,  in  theii*  lateral  fiexuosities  which  fit  into 
each  other,  and  in  their  surface  undulations.  Of  course,  speak- 
ing now  in  comparison  with  other  brains,  the  superior  row  of 
frontal  convolutions  on  both  hemispheres  is  very  large,  on  the 
left  hemisphere  extremely  large;  on  both  sides  this  row  is 
double  and  very  complex,  and  extends  very  far  backwards. 
The  middle  row  is  narrower  on  both  sides,  but  complicated. 
The  outer  or  inferior  row  is  broad,  but  much  more  simple.  The 
three  rows  are  more  regularly  divided  longitudinally  from  each 
other,  especially  on  the  upper  aspect  of  the  cerebrum,  on  the 
right  than  on  the  left  side,  which  I  find  is  a  common  arrange- 
ment. On  the  orbital  surface  of  the  frontal  lobe,  the  outer 
border  is  formed  by  a  remarkably  bold  convolution,  which  indeed 
largely  contributes  towards  the  great  breadth  of  this  region 
already  mentioned ;  but  the  innermost  convolution,  inside  the 
olfactory  sulcus,  is  also  larger  than  usual.  The  so-called  central 
lobe,  the  insular  lobe,  or  Island  of  Reil,  is  both  small  and  simple 
in  its  configuration. 

As  to  the  two  oblique  ascending  convolutions  which  lie  in 
firont  of  and  behind  the  fissure  of  Rolando,  and  form  its  anterior 
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and  posterior  margins,  they  are  both  very  long  and  much  folded 
on  both  hemispheres,    but  they  ai-e   very   nnsymmetrical,  sts 
usual.     The  anterior  or  fixmtal  one  is  more  simple  than   tho 
posterior  or  parietal  one,  on  each  sida     Again,  on  the  left  side^ 
the  anterior  one  is  suddenly  interrupted  about  its  middle,  and 
then  becomes  very  narrow  as  it  passes  outwards  and  forwards, 
whilst  the  posterior  one  is  exceedingly  large.     On   the   righl^ 
side,  the  two  convolutions  are  of  equal  and  uniform  breadth,  ivadL 
follow  each  other  more  uniformly  in  their  foldings.    Of  the 
other  peiietal  convolutions,  the  parietal  lobule  lying  next  to 
the  middle  line  is  more  defined  on  the  left  side  than  on  the 
right,  which  is  usual ;  but  the  former  is  also  larger  than  the 
latter,  the  deficiency  in  which  corresponds  but  inv^sely  with 
the  excessive  width  of  the  posterior  ascending  parietal  convolu^ 
tion  of  the  left  side.     On  neither  side  is  the  parietal  lobule 
complex,  but  is  short,  and  seems  pushed  back  by  the  extremely 
long  superior  frontal  row.     On  the  other  hand,  convolutions  on 
the  lateral  aspects  of  the  parietal  lobes  are  decidedly  fuller  and 
more  complex,  the  bent  convolution,  and  especially  its  supra- 
marginal  foldings,  being  massive  and  deeply  grooved.    All  three 
rows  of  the  temporal  convolutions,  except  the  upper,  are  veiy 
bold  and  massive,  though  rather  short  and  much  curved,  with 
an  outward  convexity  towards  the  sides;    the  superior  con- 
volution is  narrow  in  front,  but  very  broad  behind ;  the  middle 
one  is  simple,  but  the  superior  one  especially,  and  the  inner  or 
inferior  one  to  a  less  degree,  is  crossed  by  numerous  secondary 
depressions   or  grooves.     The    occipital   convolutions,  always 
smaller,  shallower,  and  more  intricately  involved  than  those  of 
the  other  lobes,  are  here  also  comparatively  broad,  deep,  and 
somewhat  less  complex;   they  axe  widest  on  the  outer  side, 
narrowest  at  the  tip  of  the  lobe,  and  most  complex  on  the  under 
surface.     The  minor  connecting  or  bridging  convolutions  are 
all  well  developed.      The  flat  opposed  surfaces  of  the  hemi- 
spheres, seen  within,  and  forming  the  sides  of  the  longitudinal 
fissure,  are  also  characterised  by  the  boldness  and  apparent 
simplicity  of  their  convolutions.     The  greQ,t  frontal  convolution, 
on  the  anterior  and  upper  border  of  the  hemisphere,  is  very 
large  and  long,  reaching  very  fieir  back ;  it  is  also  much  folded, 
especially  on  the  right  side.    The  convolution  of  the  corpus 
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caUosnm  is  narrow.  The  quadrate  parietal  lobule  is  likevrise 
nanow,  much  inclined  backwards,  and  more  simple  than  usual. 
The  trianguiar  occipital  lobule  is  small  and  simple. 

Finally,  as  regards  richness  of  convolutional  development, 
this  so  £ar  corresponds  with  the  regi(mal  development  that  it 
is  most  evident  in  the  frontal,  next  so  in  the  lateral  parietal, 
then  in  the  temporal,  and  least  so  in  the  occipital  lobe.  Never- 
theless, in  all  the  several  lobes  the  convolutions  are  strongly 
pronounced,  and  the  cerebrum,  as  already  stated,  has  a  boldly- 
modelled  surface. 

Notwithstanding  the  extremely  interesting  and  important 
researches  of  Dr  Ferrier  "On  the  localisation  of  function  in 
the  brain,"  I  fear  we  are  not  yet  in  a  condition  of  knowledge 
to  justify  any  close  application  of  his  facts  and  inferences  to 
the  explanation  of  personal  peculiarities  found   in   any   indi- 
vidual cerebrum.     Thus,  according  to  Dr  Ferrier,  certain  parts 
only  of  the  frontal  and  parietal  lobes,  viz.,  the  upper  and  outer 
regions,  appear  to  be  concerned  in  the  production  of  purposive 
moTcments ;  other  parts  of  the  frontal  lobes,  viz.,  the  anterior 
and  under  surfaces,  give  no  definite  results  on  irritation ;  the 
occipital  lobes  also  do  not  react  on   stimulation ;  nothing  is 
ascertained  concerning  the  function  o(  the  insular  lobe ;  and 
there  are  parts  of  the  cerebral  surface  which  seem  not  yet  to 
have  been  examined,  such  as  the  internal  flat  surface  of  the 
hemispheres,  the  under  8ur£Bu;e  of  the  temporal  and  occipital 
lobes,  and,  it  may  be  added,  the  hidden  surfaces  at  the  bottom 
of  the  chief  fissures  and  sulci  in  all  the  curves  of  the  cerebrum. 
Moreover,  quite  contiguous  and  connected  with  the  apparently 
motor  regions  of  the  parietal  lobe,  lies,  in  the  bent  convolution, 
a  supposed  seat  of  visual  perception ;  near  it,  in  the  superior 
temporal  convolution,  is  an  auditory  centre  ;  and  in  the  uncinate 
convolution  of  the  temporal  lobe  is  localised  the  sense  of  smell. 
Finally,  destruction   or  removal    of  the  anterior  frontal  and 
orbital  convolutions  and  of  the  occipital  lobe,  appears  to  be 
followed   by  some  interference  with  special  mental   processes, 
causing,  on  the  one  hand,  in  regard  to  the  frontal  lobe,  a  con- 
dition resembling  dementia,  and  on  the  other,  upon  removal  of 
the  occipital,  an  apparent  abolition  of  the  instincts  of  self- 
preservation. 
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IncoTDplete  as  these  researches  at    present  are,  and 
coDcilable  as  some  of  them  seem  to  be  with  the  known   ariiet- 
tomical   connections  of  at   least  certain  parts  of  the  cerebrarl 
hemispheres,    it   is    only  by   the  criticism    of   repeated    axid 
extended  observations  and  experiments,  whether  on  men    or 
animals,  that  they  ought   to   be    met.     No  amount  of  mere 
argument  can  touch  the  facts,  however  difficult  some  of  them 
may  be  to  understand.     It  is  obvious,  on  the  other  hand,  that 
any  use  to  be  made  of  these  facts  must  be  cautious,  reserved^ 
and  even  hypothetical. 

Supposing,  therefore,  that  we  assume  size  and  complexity  of 
convolutions   to   be  evidence  of  superior  functional   capacity, 
might  we  credit  the   very   large  orbital  and  anterior  frontal 
regions  of   Mr    Grote's  cerebrum   with  the  active  and  able 
exercise  of  proper  mental  processes ;  and  the  relatively  small 
occipital  lobe  with  a  comparative  deficiency  of  conduct,  or  care- 
lessness as  to  personal  interests  and  safety  ?    May  we  associate  the 
relatively  large  convolutions  in  the  frontal  and  parietal  regions, 
before  and  behind  the  fissure  of  Rolando,  with  the  large  upper 
and  lower  limbs  of  a  person  nearly  six  feet,  even  though  the 
purposive  movements  of  those  limbs  are  held  in  but  moderate 
equilibrium  or  control  by  a  comparatively  small  cerebellum  ? 
How  shall  the  great  breadth,  yet  comparative  simplicity,  of  the 
inferior  frontal  convolution,  be  interpreted  in  reference  to  any 
peculiarities  as  to  verbal  expression  or  lingual  utterance  ?     Was 
the  bold  development  of  the  back  convolution  associated  with 
any  great  activity  of  visual  perception,  or  the  relatively  full 
development   of  the  superior  temporal  convolution  with  any 
special  appreciation  of  a  love  of  sounds  ? 

Not  caring  to  press  these  or  other  similar  queries  as  to 
individual  or  personal  peculiarities  further,  I  would  rather  draw 
attention  to  a  general  question,  viz.,  that  of  the  existence  of 
symmetry  and  osyTnmetry  in  the  cerebral  convolutions,  the 
prevalence  of  the  former  in  animals,  and  of  the  latter  in  Man, 
and  the  significance  of  this  undoubted  and  remarkable 
difference  between  them.  I  had  long  dwelt,  doubtless  in 
common  with  others,  but  as  a  mere  speculation,  on  the  idea  that 
there  might  be,  in  the  superficial  grey  matter  of  the  cerebral 
hemispheres,  regions  or    areas   containing    certain  structural 
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arrangements  for  the  excitation  of  movements,  highly  intricate, 
yet  orderly,  and  destined  to  carry  out  certain  acts,  which,  viewed 
in  their  totality  by  other  persons,  are  interpreted  by  them  as 
tiie  outward  expressions  of  certain  definite  mental  states.     In 
the   lectures  on  the  nervous  system   which  I,  as   Fullerian 
Professor,  gave  many  years  since  at  the  Royal  Institution,  I 
drew  attention  to  this  idea,  and  expressly  showed  how,  on  my 
hypothesis  of  the  nature  of  sensation  and  consciousness,  and 
its   relation    to    matter  or   to    an  immaterial  entity,   it   was 
absolutely   necessary  that   somewhere   or  other   the    cerebral 
mechanism  really  exists  for  the  perfect  combination  of  such 
movements,  in  all  their  variations,  as  to  direction,  force,  and  dura- 
tion ;  and  that  this  material  aspect  of  the  question  must  some 
day  or  other  be  inquired  into.     I  had  also,  in  my  own  mind, 
endeavoured  to  trace  possible  lines  of  action,  or  combinations 
of  actions,  to  or  from  certain  parts,  lobes,  lobules,  or  convolu- 
tions of  the  cerebrum,  taking  as  starting-points  the  supposed 
motor  function  of  the  corpora  striata  and  sensory  offices  of  the 
thalamic  and  the  various  courses  and  connections  of  the  radiating 
fibres  of  the  hemisphere,  from,  to,  and  with  those  masses,  and 
then  comparing  the  relative  development  of  the  different  parts 
of  thB  hemispheres  in  animals  having  very  different  sized  limbs 
before  and  behind,  such  as  the  kangaroo  for  example.     But  no 
system  of  supposed  localisation  seemed  tenable ;  my  favourite 
idea   was   to  imagine   that   the  frontal   lobes  governed  such 
definite  and  complex  movements  in  the  head,  face,  and  neck, 
the  parietal  lobes  those  of  the  upper  limbs,  the  occipital  lobes 
those  of  the  trunk  proper,  and  the  temporal  lobes  those  of  the 
lower  limbs.     I  supposed  that  all  the  lobes  received  or  imparted 
impressions  from  or  to  the  thalami  or  corpora  striata.     But  I 
conld  not  establish  these  notions ;  and,  as  it  were,  longed  for 
more  facts.    One  point,  however,  always  came  uppermost  during 
these  thoughts,  and  that  was  the  obvious  asymmetry  of  the 
convolutions  in  the  human  cerebrum.    It  did  not  seem  expli- 
cable that  this  want  of  lateral  uniformity  could  be  associated 
with  the  performance  of  higher  intellectual  processes,  or  with 
the  more  perfect  performance  of  these ;  for  it  was  difficult  to 
find    any  good  reason  or  detect  any  obvious  advantage  in 
purely  intellectual  operations,  being,  as  it  were,  hampered  by 
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an  cusymmetrical  apparatus.     But  if  the  conditions  of  physical 
movements,  that  is,  of  combined  muscular  actions,  in  an  aniinal 
frame  be  considered,  it  was  easy  to  see  a  possible  connectioii 
between     symmetry    or     asymmetry    of    construction,     and 
symmetry  or  asymmetry  of  work.     It  was  difficult  to  conceive 
of  au  intellectual  superiority  linked  necessarily  with  a  defect  of 
balance    in    structure ;   but    the  right-handedness    of   ina.n, 
coupled  with   his  bipedal  mode  of  standing  and  locomotion, 
seemed  to  suggest  at  once  that  if  in  any  volitional  and  pur- 
posive acts  one  upper  limb,   or  in  different  ways  one   lewder 
one,  was    essentially  and    habitually  put  into   use,  then    an 
asymmetrical  governing  apparatus  might  either  exist,  or,  as  ive 
should  now  say,  would  be    gradually  evolved  in  his  uei'vous 
centres,  and  be  continued  as  an  inheritance  amongst  the  race. 
Ignorant,  however,   of  the    real    connection  between  certain 
parts  of  the  cerebral  surface,  and  certain  parts  of  the  muscular 
apparatus  of  the  body,   one  could  neither  test  nor  illustrate 
the  generalisation  just   expressd ;  but,  assuming  Dr  Ferrier's 
conclusions  to  be  at  least  approximations  to  the  truth,  we  may 
try  and  employ  them  as  temporary  guides  in  an  endeavour  to 
explain  the  asymmetry  of  the  cerebral  convolutions  in  man. 

That,  in  a  general  sense,  symmetry  of  the  nervous  apparatus, 
and  symmetry  of  muscular  movement,  prevail  and  coexist  in 
the  lower  invertebrate  animals,  is  of  course  well  understood  ; 
but  so  also,  on  consideration,  will  it  be  admitted,  that  in  all  the 
vertebrata,  even  in  the  quadrumanous  group,  this  common  rule 
as  to  structure  and  action  holds  good.  It  is  also  well  known 
that  the  cerebral  surface  becomes  particularly  complicated, 
involved,  or  convoluted  in  the  larger  species  of  any  given 
genus,  or  higher  group,  as  compared  with  the  smaller  allied 
species ;  and  it  is  certain  that  such  complexity  causes  a  minor 
or  subordinate  kind  of  asymmetry  in  the  convolutions.  But  it 
may  be  safely  asserted  that  even  in  the  complex  brain  of  an 
elephant  or  a  cetacean,  symmetry,  both  of  size  and  form,  may 
be  recognised  as  a  rule,  even  in  the  smallest  and  most  intri- 
cate windings  of  the  two  hemispheres  of  the  brain.  But  in 
the  human  cerebrum,  with  an  homology  which  coincides  with 
the  due  performance  of  symmetrical  purposive  acts  common  to 
all  men,  and  often  to  the  animals  nearest  to  him  in  structure  as 


THE  BRAIN  OF  THE  LATE  GEORGE  GROTE.        51 

well,  there  exists  an  asymmetry  in  the  weights  of  the  two 
hemispheres,  in  the  ratios  of  size  and  weight  in  the  different 
lobes,  in  the  arrangement  of  particular  rows  of  convolutions/ and 
in  the  size  and  form  of  particular  convolutions  themselves;  and, 
side  by  side  with  these  conditions,  we  have  the  right-handed- 
ness (or  it  may  be  the  left-handedness),  at  all  events  the  one- 
bandedness  of  man,  and  all  the  other  manifestations  of  one- 
aided  action,  dependent  upon  this,  and  upon  his  strictly  biped 
mode  of  standing  and  locomotion.  It  is  impossible  to  overlook 
the  possible  connection  between  this  marked  and  constant 
asymmetry  of  structure  and  the  special  functional  activity  of 
the  two  henaispheres  of  the  human  cerebrum. 

Now,  the  selection  of  one  upper  limb,  which,  as  a  rule,  is  the 
right  one,  for  such  varied  purposes,  necessitates  the  one-sided 
employment  of  the  head  and  neck  and  eyes  so  as  to  watch  and 
guide  that  hand,  as  in  writing,  or  painting,  and  so  on ;  also, 
very  usually,  a  one-sided  action  of  the  trunk,  so  as  to  afford  a 
due  basis  of  movement  for  the  arm,  and,  lastly,  even  of  the 
lower  limbs,  so  as  to  gain  or  give  some  advantage  of  position 
or  support  to  the  trunk  itself.  Moreover,  although  in  ordinary 
circumstances  we  advance  the  right  foot  first  in  walking,  and 
employ  it  as  the  acting  agent  in  kicking,  and  rely  more  on  the 
right  lower  limb  than  on  the  left  for  commencing  either  an 
upward  or  downward  diflScult  act  of  locomotion,  this  assuredly 
implies  a  greater  confidence  in  the  left  leg  for  purposes  of 
equilibrium  ;  and  again,  there  are  other  cases  in  which  the  left 
leg  is  preferentially  used. 

It  would  be  out  of  place  here,  if  it  could  be  done,  to  investi- 
gate the  conditions  of  symmetry  or  asymmetry  of  the  entire 
system  of  the  cerebral  convolutions  in  Man,  in  connection  with 
Br  Ferrier's  present  determinations  as  to  their  functions,  for 
these  latter  are  avowedly  incomplete.  But  a  few  points  may 
^  selected  for  observation  and  comment,  partly  in  reference  to 
disturbances  of  symmetry  which  seem  to  belong  to  individual 
cerebra,  but  chiefly  to  others  of  a  more  important  kind,  which 
I  feel  disposed  to  regai-d  as  peculiarly  human,  i.e.,  as  specific 

or  generic  in  Man ;  for  they  prevail,  more  or  less  evidently,  in  a 
series  of  human  cerebra,  quite  indifferently  chosen, 
(ft)  If  there  be  one  instance  of  asymmetry  in   the  human 
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cerebrum  more  obvious  thau  another,  it  consists  in  the  remark- 
able diflference    which  exists  between  the   two  sides    in   the 
ascending  frontal  and  ascending  parietal   convolutions,  lyiag^, 
one  in  front  of  and  the  other  behind,  the  fissure  of  Rolando. 
On  the  right  hemisphere,  these  two  convolutions  respectively 
are,  as  a  rule,  not  very  variable  in  actual  width,  more  or  less 
evenly  shaped,  and  similarly  disposed,  the  one  appearing  to  obey 
the  form  and  involutions  of  the  other,  so  that  the  intervening 
fissure  is  easily  traceable,  and  comparatively  simple  throughout 
its   course.     On   the   left  hemisphere,  on  the  contrary,   these 
convolutions,  as  a  rule,  show  an   inequality  of  mass,  an    ir- 
regularity of  form,  and  an  unevenness  of  direction  which  obscures 
the  course    of   the   interposed    fissure,  and  forms  a  marked 
contrast  with  the  more  methodical  arrangement  of  the  corre- 
sponding parts  on  the  right  hemisphere.     Looking  more  closely 
to  the  nature  of  the  irregularity  on  the  left  hemisphere,  it  is  seea 
that,  as  a  rule,  the  anterior  or  ascending  firontal  convolution  is 
suddenly  interrupted  about  the  middle  of  its  course  by  a  deep 
secondary  or  tertiary  sulcus,  so  that  it  appears  to  dip  down  and 
rise  again;  whilst  the  posterior  or  ascending  parietal  convolu- 
tion, as  a  rule  narrow  at  its  inner  end,  suddenly  widens  out, 
so  as  even  to  form  a  triangular  mass,  often  sulcated,  wedged  ia 
between   the   fissure   of  Rolando  and  a  portion  of  the   intra- 
parietal  fissure  behind. 

Now,  this  example  of  convolutional  asymmetry  does  not 
affect  a  secondary  fissure  and  a  secondary  set  of  convolutions^ 
much  less  the  tertiary  forms  of  these  parts ;  but  it  involves  one 
of  the  most  important  intrinsic  fissures  of  the  cerebrum,  and 
two  of  its  most  obvious  primary  convolutions.  Moreover,  it  is 
not  an  individual  or  solitary  condition ;  but  it  exists,  as  I  will 
explain,  more  or  less  evidently,  and  with  certain  modifications, 
in  every  brain  in  which  I  have  hitherto  searched  for  it.  Thus, 
it  is  seen  very  clearly  in  the  brain  of  the  Bushwoman  formerly 
described  by  me ;  and  it  is  found,  though  less  marked,  in 
another  Bushwoman's  brain,  and,  again  very  plainly,  in  the 
brain  of  a  male  Australian  which  I  have  some  day  to  describe ; 
it  is  traceable  in  the  brain  of  the  Hottentot  Venus  figured  by 
Gauss  ;  it  is  seen  in  the  tracing  of  a  brain  published  by  Dr  Broad- 
bent  ;  it  is  well  marked  in  all  three  of  the  brains  examined  by 
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me  coDcurrently  with  Mr  Qrote's,  and  it  is  most  evident  in  his ; 
lastly,  it  is  recognisable  in  two  other  cerebra  which  I  have 
recently  procured.  Furthermore,  it  is  of  great  moment  to  add, 
in  reference  to  the  specially  human  character  of  this  instance  of 
convolutional  asymmetry,  that  in  both  idiot  brains  described 
and  figured  by  me,  this  region  of  the  left  hemisphere,  and 
especially  the  anterior  ascending  frontal  convolution,  is  found, 
when  compared  with  the  more  even  and  regularly  formed 
corresponding  part  of  the  right  hemisphere,  to  be  the  seat  of  a 
remarkable  iri-egularity,  manifested  in  the  shape  of  an  intrusive 
or  intenrrv/pted  convolution  in  front  of  the  left  fissure  of 
Rolando.  In  the  quadrumanous  brain,  on  the  other  hand,  no 
such  derangement  of  the  symmetry  of  these  or  of  other  primary 
parts  is  met  with.  It  may  'also  be  seen  that,  in  the  larger 
idiot's  brain  especially,  this  deviation  is  the  most  remarkable 
example  of  asymmetry  to  be  detected  in  it 

Supposing,  then,  this  peculiarity,  traceable  in  human  brains 
of  various  degrees  of  perfection  as  to  development,  to  be 
common  or  general  in  Man,  by  virtue  of  the  principle  of  inherit- 
ance, it  seems  difficult  to  connect  it  in  any  way  with  the  opera- 
tion of  the  mind  only;  but  if  this  very  ascending  anterior 
frontal  convolution  on  the  left  hemisphere  is  concerned  in  the 
government  or  dictation  of  the  purposive  movements  of  the 
opposite  or  right  upper  extremity,  a  glimmer  of  an  explana- 
tion may  dawn  upon  us  as  to  the  meaning  of  the  asymmetry  of 
this  portion  of  the  human  cerebrum.  The  greater  multiplicity 
and  variety  of  combinations  required  for  our  right-hand  as 
compared  with  our  left-hand  work,  necessitates  a  greater 
complexity  in  the  corresponding  nervous  apparatus;  and  it 
must  be  remembered,  in  regard  to  the  cerebral  convolutions, 
that  simplicity  is  the  lower,  and  complexity  the  higher  grade 
of  development  and  organisation. 

It  is  quite  possible  that,  in  accordance  with  the  great  law 
of  development  of  the  whole  body,  the  right  hemisphere 
might  be  larger;  but  this  need  not  give  to  the  left  hand  more 
complexity,  or  more  frequent  use.  There  are  cases  in  which 
persons  are  said  to  be  left-handed,  but  the  right  hand  is  larger 
actually.  A  distinction  might  here  be  drawn  between  com- 
plexity and  size,  between  special  evolution  and  mere  growth. 


54  PROFESSOR  JOHN  MARSHALL. 

It  has  been  shown  by  Dr  Boyd  that  usually  the  left  cerebraJ 
hemisphere  is  larger  than  the  right;  but  the  fact  is  not  always 
so.  Were  it  usual,  it  could  still  only  be  associated  with 
greater  frequency  of  action,  and  not  with  greater  complexity  of 
action ;  perhaps  not  even  with  the  former. 

(6)  Another  asymmetrical  arrangement,  so   far  as  I   have 
observed,  usual  if  not  constant  in  Man,  consists  in  the  fact  that 
the  frontal  convolutions  generally,  but  especially  those  on  the 
upper  surface  of  the  cerebrum,  are  more  simply  marked   oflF 
into  rows  on  the  right  hemisphere  than  on  the  left,  where  the 
lines  of  demarcation  are  more  complex.     It  also  appears  to  me 
that,  as  a  rule,  the   superior  frontal   row  of   convolutions   is 
broader  and  more  complex  on  the  left  side.     The  hinder  part  of 
this  convolution  is  also  concerned  in  the  excitation  of  movements 
in  the  upper  limb. 

(c)  Compensatory  diflferences,  as  a  rule,  exist  in  the  middle 
frontal  row  of  the  two  sides;  for  it  is  usually  larger  on  the 
right  side.  This  and  the  forepart  of  the  superior  frontal  are 
said  to  be  concerned  in  movements  of  the  head  and  eyes,  which 
must  often  be  asymmetrical,  in  consequence  of  the  special  use 
of  the  right  hand. 

(d)  As  to  the  inferior  rows  of  frontal  convolutions  on  the  two 
hemispheres,  they  are,  comparatively  speaking,  decidedly 
amongst  the  most  symmetrical  parts  of  the  cerebrum;  their 
doublings,  where  they  overhang  the  insular  lobe,  are  uniform  in 
number  and  character,  and  their  hinder  end  is  equally  enlarged 
as  it  runs  into  the  ascending  frontal.  Sometimes  it  has  an 
apparently  deeper  sulcation  here,  certainly  usually,  if  not 
always,  on  the  left  side,  as  seen  in  Dr  Broadbent  s  figure,  and 
also  in  Mr  Grote's  brain;  but  this  is  not  perceptible  in  the 
Bushwoman's  and  Australian  bmns,  nor  in  the  idiots'  brains. 
Concurrently  with  this  relative  symmetry,  we  have  the  supposed 
regulation  of  the  movements  of  speech,  which  are  also  sym- 
metrical. Yet  there  seems  to  be  some  special  influence  of  this 
convolution,  and  the  adjacent  parts  on  the  left  side,  in  regard 
to  the  faculty  of  language  or  the  memory  of  words. 

(e)  The  inferior  or  orbital  surface  of  the  frontal  lobes  pre- 
sents us  with  another  example  of  asymmetry,  which,  however, 
compared  with  that  described  in  {a),  is  slight,  but,  as  it  seems  to 
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me  from  repeated  observations,  is  also  not  of  an  iDdividual  but 

of  a  general  kind.     On  the   left   hemisphere,  the  surface   is 

usually  smoother,  and  more  simple  in  appearance  than  on  the 

right ;    the  tri-radiate  sulcus  is  usually  more  closed,  and  often 

more  simple  in  the  former  than  in  the  latter ;  and  the  meeting- 

poiafc  of  its  three  rays  is  situated  further  from  the  median  line 

of  the  cerebrum.    Moreover,  the  olfactory  sulcus  is  usually  more 

closed,  and  does  not  reach  so  near  the  tip  of  the  lobe  as  on  the 

right  side.     This  is  all  due  to  the  larger  size  of  the  internal 

orbital  convolution,   which   is    continuous  with   the  superior 

frontal,  also  usually  larger  on  the  left  hemisphere ;  the  external 

orbital  is  likewise  larger  on  the  left  side;  whilst  an  intermediate 

narrower  orbital  convolution,  saen  only  in  more  complex  brains, 

is  soiailer,  and,  as  it  were,  compressed  on  this  side ;  these  two 

last-named  parts  correspond  respectively  with  the  inferior  and 

middle  frontal  convolutions  on  the  upper  and  outer  surfaces  of 

the  hemisphere,  which  are  themselves,  as  a  rule,  the  former 

larger,  and  the  latter  smaller  on  the  left  side  of  the  brain.     The 

orbital  convolutions  are,  at  all  events,  clearly  correlated  with 

the    upper,  middle,  and    outer   frontals,   but   their   function 

remains  in  doubt. 

(/)  Returning  again  to  the  upper  surface  of  the  cerebrum, 
and  to  parts  to  which  some  special  function  has  been  assigned, 
I  find  also,  as  a  general  rule,  in  brains  of  the  most  varied 
degree  of  convolutional  development,  that  the  parietal  lobule 
which  extends  backwards  from  the  upper  end  of  the  ascending 
parietal  convolution,  and  which  is  thought  to  be  concerned  in 
exciting  combined  movements  of  the  hinder  limb,  is  compara- 
tively small,  and  is  well  defined  along  its  outer  and  posterior 
borders  on  the  left  hemisphere ;  whilst  on  the  right,  it  is  larger, 
and  its  outer  and  anterior  angle  is  usually  blended  superficially 
with  another  parietal  convolution,  and  its  outer  and  hinder 
angle  with  an  occipital  convolution.  In  other  words,  the  con- 
dition of  simplicity  here  manifests  itself  on  the  left  side,  and 
that  of  complexity  on  the  right  side  of  the  cerebrum, — the 
reverse  of  what  is  found  in  the  case  of  the  ascending  frontal 
convolution.  Now,  although  both  lower  limbs  are  used  equally, 
though  alternately,  in  ordinary  progression,  there  can  be  no 
doubt   that  in  employing  the  right  hand,  a  cross  or  oblique 
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action  through  the  trunk  from  and  to  the  opposite  leg 
frequently  occurs,  especially  calling  into  play  the  muscles  of 
that  limb  in  the  aupporting  or  balaricing  the  body.  This  is 
well  known  to  artists ;  and  instances  are  too  common  to  require 
mention.  Even  in  standing  still,  we  are  apt  to  bear  more 
weight  on  the  left  than  the  right  foot ;  and  if  the  right  low^er 
limb  is  the  limb  of  action,  the  left  is  the  limb  of  equUibratiorh, 
May  this  be  associated  with,  or  may  it  serve  to  explain,  the 
greater  complexity  of  the  parietal  lobule  on  the  right  cerebral 
hemisphere  ? 

(g)  The  seats  of  special  sensory  perceptions  pointed  at  by 
Dr  Ferrier's  experiments  are  those  of  the  visual,  auditory,  and 
olfactory  perceptions,  viz.,  the  bent  convolution,  the  superior 
temporal  convolution,  and  the  uncinate  convolution.    All  these 
parts  are  situated  on  the  lower  border  or  margin  of  the  hemi- 
sphere, and  not  within  its  general  surface,  like  the  motor  con- 
volutioDs  already  treated  of ;  for  the  Sylvian  fissure  is  due  to  a 
bending  of  the  entire  hemisphere,  and  not  to  a  folding  across 
its  substance.     All  the   marginal   convolutions  are  more  sym- 
metrical than  those  situated  on  the  general  surface;  and  this 
may  be  the  reason  why  the  bent,  the  superior  temporal,  and 
especially  the  uncinate  convolutions  are  comparatively  sym- 
metrical, for   they  undoubtedly  are  so.     But  so  also,  we  may 
perceive,  is  it  more  in  harmony  with   their  supposed  sense- 
perceptive  functions  that   they  should  be  symmetrical  rather 
than  asymmetrical.     Moreover,  the   more   exact  symmetry  of 
the  uncinate  convolution  coincides  with  the  necessarily  sym- 
metrical exercise  of  that  sense,  and  of  the  movements  associated 
with  it.     In  the  case  of  the  superior  temporal   convolution,  I 
find  the  rule  to  be  that   it  is  broader   throughout   its  whole 
course  on  the  right  than  on  the  left  hemisphere,  compensation 
being  obtained  by  different   conditions  of  some  of   the  other 
temporal    convolutions.      There    is    no    proof    that   auditory 
impressions  partially  cross,  like  visual   ones,  in   the   nervous 
centres ;  if  not,  do  we  use  the  one  ear,  the  right  one,  more  than 
the  other?    It  is  interesting  to  find  that,  in  Dr  Broadbent's 
plate,  which  is  of  the  brain  of  a  deaf-Tnute,  the  right  superior 
temporal  convolution  is,  likewise,  by  far  the  larger  one,  the  left 
one  being  unusually  narrow.     This  latter  cannot,  however,  be 
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said  to  be  positively  atrophied;  and  the  difference  in  size 
between  the  two  sides  may  be  an  inherited  human  character* 
istic,  though  occurring  in  unused  parts.  Finally,  in  reference  to 
the  bent  convolution,  and  its  closely  connected  supra-marginal 
lobule,  the  former  especially  designated  by  Dr  Ferrier  as  the 
visual  perceptive  centre,  they  are  very  evenly  balanced  on  the 
two  sides  of  the  cerebrum ;  but,  as  a  rule,  the  left  mass  is  rather 
more  prominently  marked,  and  more  complex. 

{h)  On  the  internal  surface  of  the  hemispheres,  the  superior 
frontal  convolution  is  usually  larger,  longer,  and  more  complex 
on  the  left  side ;  the  quadrate  parietal  lobule  is  larger  on  the 
right ;  whilst  the  occipital  is  very  equal  in  size  on  the  two  sides, 
but  is  a  trifle  more  involuted  on  the  left  side.  The  inferior  and 
middle  temporal  convolutions  show,  likewise,  a  near  approach 
to  symmetry  as  regards  their  chief  fissures  and  the  intervening 
masses;  but  the  lesser  sulci  are  variable,  and  the  left  hemi- 
sphere seems  to  be  somewhat  more  simple  than  the  right.  The 
functions  of  these  parts  are  in  doubt,  except  that  the  superior 
frontal  is  probably  a  motor  centre,  and  the  occipital  lobe  is  con- 
jectured to  be  concerned  in  the  instinct  of  self-preservation. 

(i)  The  knowledge  we  now  possess  concerning  the  localisation 
of  function  in  the  brain  needs  great  extension,  and  may  receive 
some  rectification;  differences  of  explanation  concerning  the 
phenomena  observed  by  Dr  Ferrier  will  for  a  time  prevail ;  and 
it  is  granted  that  any  attempt  to  draw  a  parallel  between  local 
deviations  from  symmetry  and  local  functional  manifestations 
must  at  present  be  imperfect  and  conjectural.  Sufficient  facts, 
however,  have  been  adduced  to  render  it  probable  that  the 
asymmetry  of  the  human  cerebral  convolutions  is  neither 
accidental  nor  without  significance,  but  that  it  runs  in  the 
same  direction  in  many  brains,  whatever  their  degree  of 
development,  and  it  is  correlated  first  as  effect,  and  then  as  a 
continuing  cause  of  some  entirely  human  peculiarity  of  cerebral 
function.  Beyond  this,  I  have  arrived  at  the  more  definite 
conclusion  that  the  leading  disturbances  of  symmetry  are  met 
with  in  those  parts  of  the  cerebral  hemispheres  with  which  Dr 
Ferrier  associates  motorial  and  not  sensory  or  perceptive 
functions,  complex  motorial  functions,  which  he  regards  as  the 
expression  of  definite  purposes  or  ends.     Furthermore,  it  seems 
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to  me  that,  whilst  the  parts  concerned  in  exciting  such  move- 
ments in  the  unsymmetrical  use  of  the  upper  and  lower  limbs 
are  the  seats  of  marked  evolutional  divergences  from  bilafceraJ 
symmetry,  those  in  particular  which   are  connected  with    tlie 
exercise  of  the  right  upper  limb,  viz.,  those  immediately    in 
front  of  the  fissure  of  Rolando,  on  the  left  hemisphere,  exhibit 
a  remarkable  developmental  cataclysm,  in  brains  of  the  most 
varied  degrees  of  perfection.     Accordingly,  I  am  disposed    to 
connect  the  asymmetry  of  the  human  brain  with  Man  s  one- 
handed   habit,  and   all   its   direct   and   indirect  consequences 
throughout  his  organism. 

Further  observations,  in  which  I  would  invite  others  to  join, 
as  my  own  leisure  is  quite  inadequate  to  the  undertaking,  are 
needed  to  confirm  or  refute  this  view.  The  cases  of  left-handed 
and  of  ambidextrous  persons,  and  also  of  those  who  have  losfc 
either  an  upper  or  lower  limb  early  in  life,  or  have  one-sided 
palsy,  atrophy,  or  malformation  referable  to  early  stages  of 
growth,  would  be  especially  interesting  to  study.  In  the  meaa- 
time,  as  the  conclusions  above  stated  have  forced  themselves 
upon  me  in  connection  with  the  comparison  of  Mr  Grote's 
brain  with  others,  I  venture  to  include  them  in  the  present 
report. 

10.  Relative  Thickness  and  Structure  of  the  Grey  Layer  of 

the  Cerebral  Convolutions, 

Unless  care  be  taken  to  cut  the  substance  of  a  given 
convolution  quite  perpendicularly,  considerable  errors  may  be 
committed  in  reference  to  the  thickness  of  the  grey  matter. 
This  has  been  said  by  good  observers  to  range  between  i^th 
and  ^th  of  an  inch,  but  I  have  frequently  measured  it  at  ^th  of 
an  inch ;  I  have  found  it  thicker  in  some  small  brains  than  in 
other  large  ones.  It  was  as  thick  in  one  of  the  idiot's  brains 
which  I  have  described  as  in  many  full-sized  cerebra.  In  Mr 
Grote's  brain  it  varied  from  ^th  of  an  inch  on  the  occipital 
lobe,  to  nearly  J^th  on  the  upper  part  of  the  frontal  and  outer 
part  of  the  parietal  lobes;  it  was,  as  usual,  of  intermediate 
thickness  on  the  inner  surface  of  the  hemisphere,  on  the  under 
side  of  the  frontal  lobe,  and  on   the   temporal   lobe*     On  the 
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whole,  as  compared  with  other  brains,  it  was  of  more  than 
arerage  thickness,  but  not  so  thick  as  in  two  of  the  brains 
which  I  examined,  in  which  the  extreme  thickness  exceeded 
|th  of  an  inch.  It  will  be  observed  that,  as  usual,  the  grey 
matter  was  thickest  where  the  convolutions  are  themselves  the 
largest  and  the  sulci  deepest,  viz.,  on  the  middle  of  the  frontal 
and  parietal  regions.  It  is,  indeed,  so  far  as  I  have  observed, 
always  thickest  on  those  parts  which  are  now  said  to  be  the 
seats  of  motorial  functions,  which  receive  the  chief  part  of  the 
radiating  and  transverse  or  callosal  white  fibres,  and  which  are 
most  completely  connected  with  the  corpus  striatum.  On  the 
other  hand,  it  is  thinner  in  those  regions  which  are  connected 
chiefly  with  the  optic  thalami,  which  receive  fewer  white  fibres, 
especially  transverse  ones,  and  to  which  sensory  perceptive 
functions,  or  instinctive  or  other  mental  processes,  have  been 
assigned,  or  of  which  the  use  is  entirely  unknown.  Neverthe- 
less, it  must  be  understood  that  the  depth  and  width  of  a 
convolution  depend  rather  on  the  relative  quantity  of  white 
substance  which  it  contains  than  on  that  of  the  superficial  grey 
matter;  for  this  latter,  though  sometimes  thicker  than  the 
central  white  layer,  is  of  uniform  width  in  neighbouring  convolu- 
tions of  very  different  breadth. 

As  to  the  structure  of  the  grey  matter  of  the  convolutions,  its 
many  stratified  layers,  and  the  varied  microscopical  constituents 
of  these,  our  present  knowledge,  though  very  precise,  is  merely 
sufficient  to  indicate  its  great  complexity,  its  high  refinement 
of  organisation,  and  the  intimate  and  almost  infinite  connections 
of  its  vesicular  and  fibrous  elements.  It  is  further  known  that 
it  varies  in  different  parts  of  the  cerebrum  ;  and  it  would  seem 
that  certain  especially  large  ganglionic  corpuscles  exist  in 
greater  abundance  in  the  supposed  motorial  than  in  the 
supposed  sensorial  or  non-motorial  regions  of  the  convolutional 
substance.  But  after  many  observations,  made  with  both 
moderate  and  high  magnifying  powers,  I  find  myself  quite 
unable  to  use  these  as  grounds  of  comparison  of  brain  with 
brain.  Though  certain  parts  of  tha  same  brain  are  thus 
readily  distinguishable  from  one  another,  the  corresponding 
i:«gions  of  different  healthy  brains  have  not  as  yet  furnished  me 
with  sought-for  differential   characters  of  a  reliable   nature, 
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whether  as  to  the  number,  distinctaesa,  or  thickness  of  the 
layers,  or  as  to  the  number  or  arrangement  of  their  ultimate 
constituents.  Such  differences  as  I  have  detected  in  similar 
parts  of  different  brains  have  been  quite  paralleled  by  those 
found  in  neighbouring  parts  of  the  same  brain.  I  could  never, 
after  a  time,  decide,  except  from  some  accidental  point,  in  a 
preparation,  from  which  brain  it  had  been  obtained. 

In  Mr  Grote's  brain,  the  substance  of  the  grey  matter  in  the 
recent  state  was,  as  already  stated,  a  little  paler,  and  somewhat 
softer  than  usual ;  but  when  hardened,  its  laminse  were  quite 
easily  distinguishable,  and,  so  far  as  I  could  detect,  showed  no 
peculiarities  of  over  or  under  development  as  regards  the 
number  of  layers,  their  order,  and  relative  thickness ;  but  the 
large-branched  cells  were  less  evident  in  certain  sections  than 
in  others,  and  the  whole  section  was  more  granular. 

11.  Relative  Qriantity  of  the  White  Substance  of  the  Cerebrum 

and  Size  of  the  Commissures. 

It  has  been  already  stated  that  the  most  marked  peculiarity 
observable  on  the  surface  of  Mr  Grote's  cerebrum  was  the  great 
breadth  of  the  convolutions  generally ;  and  attention  has  been 
just  drawn  to  the  fact  that  the  breadth  of  these  foldings 
always  depends  more  on  the  quantity  of  central  white  sub- 
stance, than  on  the  thickness  of  the  superficial  grey  matter. 
Now,  the  most  striking  internal  peculiarity  of  Mr  Qrote's 
cerebrum,  as  recognised  on  making  various  sections  through  it, 
was  the  relatively  large  quantity  of  the  white  substance.  This 
was  so  especially  conspicuous,  for  example,  on  transverse 
sections  of  the  convolutions  generally,  that  it  obviously 
accounted  for  their  unusually  broad  and  massive  chai-acter.  It 
also  seemed  probable  that  the  grey  matter,  which  is  more 
vascular,  and  is  composed  of  tissue-elements  perhaps  more 
readily  influenced  by  de-nutrition  and  mal-nutrition  than  the 
white  substance,  might  have  suffered  more  from  atrophic 
wasting,  under  the  combined  influence  of  age  and  disease. 

But  the  evident  superabundance  of  white  substance  led  me 
to  examine,  in  contrast  with  other  brains,  the  relative  develop- 
ment of  the  great  transverse  commissure  between  the  two  hemi- 


THE  BRAIN  OF  THE  LATE  QEOROE  QROTE.        61 

spheres — the  corpus  callosum.  I  have  elsewhere  pointed  out^ 
that,  in  the  Bushwoman's  brain,  not  only  was  the  corpus 
callosum  actnallj  but  relatively  small  as  compared  with  the 
size  of  the  cerebral  hemispheres;  and  I  have  indicated  this 
condition  as  a  sign  of  inferiority  in  cerebral  organisation.  In 
Mr  Grote's  cerebrum,  on  the  contrary,  not  only  must  the 
radiating  fibres  passing  upwards  or  downwards  from  the 
thalami  and  corpora  striata  have  been  most  abundant,  for  these 
ganglia  were  very  large,  especially  the  latter,  but  the  corpus 
callosum  was  unusually  large.  Although  the  entire  brain  was 
short  from  before  backwards,  measuring  only  7^  inches,  the 
corpus  callosum  was  4  inches  long;  it  reached  within  1^  inch 
ot  the  anterior  part,  and  within  2^  inches  of  the  hinder  end 
of  the  hemispheres ;  its  extremes  of  thickness  were  ^^ths  and 
^ths  of  an  inch,  but  its  mean  thickness  was  ^Jths  of  an  inch. 
This  gives  a  sectional  area  of  |U^ths  of  a  square  inch ;  which, 
in  comparison  with  the  total  area  of  the  inner  surface  of  one 
hemisphere,  is  about  1  to  2, — the  ordinary  proportion  being,  as 
I  have  found,  1  to  12*5. 

It  is  obvious  that  so  high  a  ratio  of  white  commissural  or 
radiating  substance  must  have  great  significance  as  regards  the 
more  effectual  utilisation  of  the  grey  matter  itself.  If  the  grey 
matter  be  the  source  or  seat  of  all  special  actions,  whether 
original  or  reflex,  exercised  by  or  within  the  cerebral  hemi- 
spheres, the  white  fibres  must  be  accredited  with  the  offices 
not  only  of  bringing  impressions  from  the  confines  of  the 
human  frame,  and  conveying  impulses  to  its  muscular  apparatus, 
but  likewise  of  utilising  to  the  utmost  the  power  of  the  grey 
matter  by  multiplied  connections  of  part  with  part,  in  countless 
lines  of  combination  and  reflection.  Just  as  the  usefulness  of 
the  apparatus  employed  in  telegraphy  is  increased  according  to 
the  number  of  its  advehent  and  evehent  wires,  so  the  efficacy  of 
a  certain  quantity  of  grey  matter,  containing  a  certain  number 
of  ganglionic  corpuscles,  is  enhanced  by  the  multiplicity  and 
variety  of  the  connections  and  combinations  of  these  latter. 
Whether  for  old  or  for  recent  impressions,  the  paths  of  inter- 
course, combination,  contrast,  construction,  and  volitional  im- 
pulse would  all  be  increased,  and  the  efficiency  of  the  cerebral 

^  Phil.  Trans.,  1863. 
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apparatus  be  thus  improved.  Certain  it  is  that,  under  norm&l 
conditions,  a  well-developed  corpus  callosum  must  add  to  tlio 
possible,  if  not  to  the  actual  capacity  for  work  of  a  bi-latera.1 
cerebrum;  and  although  cases  of  its  absence,  unsuspected 
during  life,  are  on  record,  which  require  further  investigatioo, 
yet  its  relative  magnitude  is  undoubtedly  associated  wltli 
varieties  id  intelligencd  or  training. 

In  Mr  Grote's  brain,  the  smaller  commissural  structures, 
antero-posterior  and  transverse,  presented  no  peculiarities, 
either  as  to  size  or  connections. 


Summary  of  the  preceding  Report  and  Observations. 

I.  Remarks  on  Mr  Orote'a  Brain, 

1.  The  entire  encephalon  was  somewhat  above  the  average 
in  size,  if  compared  with  the  adult  male  brain  at  all  ages.  If 
allowance  be  made  for  the  efTects  of  senile  wasting,  it  must  be 
regarded  as  a  rather  large  brain,  but  not  as  an  actually  or 
especially  large  one.  There  can  be  no  doubt,  however,  that  it 
was,  at  death,  further  diminished  in  size  and  weight  through 
the  effects  of  disease,  as  shown  by  its  marked  deviation  from 
the  ordinary  ratio  as  compared  with  the  body-weight. 

2.  As  tested  by  the  standard  of  macrocephaly  adopted  by 
Welcker,  its  utmost  allowable  weight  was  below  that  standard  ; 
and  as  contrasted  with  the  encephala  of  certain  other  eminent 
men,  it  would  find  its  place  about  one-third  up  from  the  lower 
end  of  the  list. 

3.  The  cerebellum  was  somewhat  larger  than  in  the  adult 
male  of  mean  stature,  but  it  was  smaller  than  it  usually 
is  in  persons  of  the  same  age  and  height.  As  compared 
with  the  cerebrum,  it  was  decidedly  small,  regard  being  had 
to  the  usual  effects  of  difference  of  stature  and  age  on 
these  two  organs.  The  cerebellum  appeared  both  small  and 
flattened. 

4.  The  general  form  of  the  cranium  was  rather  or  nearly 
brachycephalic,  but  it  was  decidedly  higher  than  usual.  The 
cerebrum  itself  was,  in  accordance  with  the  shape  of  the 
cranium,  short,  broad,  and  deep. 
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5.  Examined  by  the  eye,  the  frontal  lobes  of  the  cerebrum 
appeared  to  be  very  long  on  their  upper  surface,  very  wide  in 
front  of  the  Sylvian  fissure,  and  both  long  and  broad  on  their 
under  surface;  the  paiietal  lobes  were  short  and  wide;  the 
temporal  lobes  were  also  wide  though  short;  the  occipital  lobes 
were  small  and  shallow.  On  being  weighed,  the  several  lobes 
were  found  to  be  in  very  nearly  their  usual  proportion,— a 
chief  individual  distinction  being  that  the  fron to-parietal  mass 
was  somewhat  heavier  than  usual,  this  superiority  being  mainly 
due  to  an  excess  in  the  parietal  lobes ;  the  temporal  lobes,  how- 
ever, were  a  little  smaller,  and  the  occipital  lobes  decidedly 
smaller  than  usual. 

6.  The  cerebral  convolutions  were  very  massive,  being  not 
only  broad  and  deep,  but  well  folded,  and  marked  with  second- 
ary sulci.  This  condition  was  observable  all  over  the 
cerebrum,  but  chiefly  remarkable  in  the  frontal  and  parietal 
regions. 

7.  Studied  in  reference  to  Dr  Ferrier's  researches  into 
the  localisation  of  function  in  the  brain,  the  relative  size 
of  certain  convolutions  or  groups  of  convolutions  suggests 
some  reflections  as  to  individual  peculiarities,  which,  however, 
are  scarcely  sufficiently  reliable  to  be  summarised  here. 

8.  The  condition  of  asymmetry  of  the  convolutions  in  the 
two  hemispheres  is  very  pronounced,  and  is,  moreover,  quite 
conformable  to  the  arrangements  found  in  other  brains  gene- 
rally. 

9.  The  superficial  grey  layer  of  the  cerebral  hemispheres  was 
abundant,  and  presented  nothing  remarkable.  The  thalami  and 
coi-pora  striata  were  large,  especially  the  latter. 

10.  The  central  white  substance  of  the  convolutions  and 
of  the  entire  hemisphere  was  very  abundant,  and  the  corpus 
callosum  was  so  long  that  its  sectional  area  was  unusually 
great. 

n.  From  the  size  and  richness  of  the  convolutions,  the 
sufficiency  of  the  grey  matter  both  on  the  surface  and  in  the 
interior  of  the  hemispheres,  and  from  the  remarkable  number  of 
the  white  fibres,  especially  of  the  transverse  commissural  ones, 
the  brain  of  Mr  Grote  must  be  pronounced  to  have  been  of  very 
perfect  and  high  organisation. 
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II.  General  Ohaervationa. 

1.  It  is  obvious  from  the  measurements  taken  in  this  particu* 
lar  instance  that  the  extreme  circumference  of  the  head  is  an 
unsafe  guide  as  regards  its  internal  capacity,  and  that  the 
height  is  an  indispensable  quantity  to  be  known.  It  is  further 
apparent  that,  for  many  reasons,  measurements  of  hats  must  be 
accepted  as  subject  to  many  grounds  of  error,  considered  as  data 
for  estimating  size  of  brain. 

2.  The  records  of  the  weights  of  the  brains  of  eminent  men 
require  correction  before  they  can  be  used  for  purposes 
of  just  comparison  for  the  effects  of  age,  stature,  and  dis- 
ease. 

3.  Owing  to  the  individual  variability  in  the  weight  of  the 
body,  owing  to  relative  obesity  or  emaciation,  a  comparison  be- 
tween it  and  the  weights  of  the  brain  and  its  parts  is  quite 
unsatisfactory.  But  if  the  stature  be  expressed  in  inches,  and 
the  weights  of  the  entire  encephalon,  the  cerebrum  and  cere- 
bellum, in  ozs.,  terms  of  comparison  are  found  which  reveal  very 
interesting  results.  Thus,  whilst  both  the  cerebrum  and  cere- 
bellum, and  therefore  the  entire  encephalon,  increases,  not  only 
absolutely  but  relatively,  with  the  stature,  it  seems  that 
the  cerebellum  is  more  influenced  by  this  than  the  cere- 
brum,— a  result  not  inconsistent  with  the  supposed  controlling 
power  of  the  cerebellum  over  certain  movements  of  the  body 
and  limbs. 

4.  It  appears  probable  that  a  small  cerebellum,  implying  a 
small  inferior  occipital  fossa,  may  be  usually  associated  with  a 
compensatory  extra  height  of  the  cranium,  to  make  room  for 
the  cerebrum  upwards,  instead  of  backwards.  Whether,  further, 
dolichocephalism  is  an  accompaniment  of  larger  cerebella,  and 
brachycephalism  of  small  ones,  is  a  question  for  future  in- 
vestigation. It  also  seems  most  desirable  to  determine  not 
only  the  general  cranial  capacity,  but  also,  if  possible,  the 
relative  cerebral  and  cerebellar  capacity  of  all  skulls,  national 
and  individual. 

5.  A  method  of  estimating  the  preponderance  of  one  or 
other  lobe  of  the  cerebral  hemispheres,  is  suggested  and  carried 
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out  by  ascertainiDg  the  weights  of  the  several  lobes,  parted 
from  one  another  in  a  certain  defined  manner.  This  method, 
modified  to  meet  certain  contingencies,  will  yield  fruitful 
results  if  applied  to  the  cerebra  of  different  races  and 
individuals,  and  to  those  of  the  higher  mammalia,  having 
figured  brains.  Sexual  distinctions  may  thtis  also  perhaps  be 
detected. 

6.  The  relative  development  of  the  convolutions  must  hence- 
forth be  studied  under  the  new  light  thrown  upon  their 
functions  by  the  researches  of  Dr  Ferrier  and  others.  This 
applies  not  only  to  the  cerebra  of  different  individuals  of 
both  sexes,  but  it  may  also  be  of  the  utmost  importance 
in  other  respects,  especially  in  reference  to  the  condition  of 
asymmetry  of  the  convolutions  on  the  two  sides  of  the  same 
cerebrum. 

7.  It  is  shown  that  this  asymmetry  is  not  accidental,  but 
follows  some  general  plan ;  and  an  attempt  is  made  to  explain 
this  plan  by  referring  it  to  the  habit,  common  to  and  inherited 
by  the  human  family,  of  using  the  right  hand  for  special  pur- 
poses more  than  the  left,  generation  after  generation. 

8.  The  structure  of  the  grey  matter  in  the  different  regions 
marked  out  by  Dr  Ferrier's  investigations  requires  careful  and 
special  examination.  No  individual  differences  were  detected 
in  it  in  different  healthy  brains. 

9.  Great  importance  lb  supposed  to  be  attached  to  the  relative 
development  of  the  white  fibres  in  any  cerebrum,  especially  to 
the  size  of  the  corpus  caliosum,  in  reference  to  the  actual  work- 
ing power  of  any  given  human  cerebrum. 


EXPLANATION  OF  PLATES  I-IH. 

These  Plates  are  reproductions  of  Photographs  of  the 
Cerebrum  of  Mr  George  Qrote. 

PL     I.  Vertex  view  of  the  cerebrum. 
„     II.  Anterior  view  of  the  frontal  lobes  of  the  cerebrum. 
„  III.  Profile  view  of  the  left  hemisphere  of  the  cerebrum. 
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TBnE  CEREBRAL  COMMISSURES  IN  THE  MARSUPI- 
ALIA  AND  MONOTREMATA  By  Johnson  Symino- 
TON,  M.D.,  F.Z.S.,  F.R.S.E.,  Lecturer  on  Anatomy,  Minto 
House,  Edinhurgh} 

(Read  to  Section  D.  of  the  British  Association,  in  Edinburgh, 

August  9,  1892.) 

In  1837  Professor,  now  Sir  Richard,  Owen  published  in  the 
FkUosophical  Transactions  of  London  a  memoir  ''On  the 
Structure  of  the  Brain  in  Marsupial  Animals."  In  this  com- 
munication it  was  stated  that  the  brains  of  the  Marsupialia 
differed  from  those  of  all  the  Placental  mammals  in  having  no 
corpus  callosum.  Professor  Oweu  admitted  that  the  two  hippo- 
campi majores  were  united  by  a  transverse  commisi^ure  repre- 
senting the  lyra  of  the  fornix  or  hippocampal  commissure ;  but 
he  held  that  a  true  corpus  callosum,  composed  of  transverse 
fibres  passing  above  the  ventricles,  and  uniting  the  greater 
part  of  the  cortex  of  the  two  cerebral  hemispheres,  was  absent 
in  the  Marsupialia.  With  reference  to  the  hippocampal  com- 
missure, he  wrote: — "This  commissure  may,  nevertheless,  be 
regarded  as  representing,  besides  the  fornix,  the  rudimental 
commencement  of  the  corpus  callosum ;  but  this  determination 
does  not  invalidate  the  fact  that  the  great  commissure,  which 
unites  the  supra-ventricular  masses  of  the  hemispheres  in  the 
Beaver  and  all  other  placen  tally-developed  Mammalia,  and 
which  exists  in  addition  to  the  hippocampal  commissure,  is 
wanting  in  the  brain  of  the  Wombat;  and  as  the  same  defi- 
ciency exists  in  the  brain  of  the  Great  and  Bush  Kangaroos, 
the  Vulpine  Phalanger,  the  Ursine,  and  Mange's  Dasyures  and 
the  Virginian  Opossum,  it  is  most  probably  the  characteristic  of 
the  marsupial  division  of  Mammalia"  (p.  91).  Owen  selected 
the  brains  of  the  Wombat  and  Beaver,  as  illustrating  the 
differences  in  the  arrangement  of  the  cerebral  commissures  in 
the  Marsupialia  and  the  Placental  Mammals. 

^  From  the  Embryological  Laboratory,  UuiTersity  of  Edinburgh. 
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In  the  following  year,  1838,  Eydoux  and  Laurent/  ui   a^rt 
account  of  their  dissection  of  the  brain  of  an  Echidna,  maixx- 
tained  that  the  transverse  fibres  crossing  the  mesial  plane  abo  v^ 
the  anterior  commissure  were  simply  the  hippocampal  conck.— 
missure,  and  not  a  true  corpus  callosum.    They  considered  thstti 
the  drawings  given  by  Meckel*  of  the   brain   of  the  Omi— 
thorynchus   admitted   of  a   similar   interpretation,  and    they 
therefore  held  that  the  corpus  callosum  was  absent  in  tlio 
Monotremata  as  well  as  in  the  Marsupialia. 

In  the  third  edition  of  Cuvier's  AnaU/mie  ComparSe,  1844«, 
its  editors,  MM.  F.  Cuvier  and  Laurillard,  from  original  dissections 
of  several  Mai'supial  brains,  supported  the  views  of  Owen.   Abouti 
this  time  Owen  wrote  the  articles  "  Marsupialia"  and  "  Monotre- 
mata" which  appeared  in  Todd's  Cyclopcedia  of  Anatomy  aruZ 
Physiology,  vol.  iii.     He  adhered  to  his  previously  expressed 
opinions  regarding  the  Marsupial  brains,  and  from  dissections 
of  the  brains  of  the  Echidna  and  Ornithorynchus,  he  supported 
the  conclusions  of  Eydoux  and  Laurent  as  to  the  absence  of  the 
corpus  callosum  in  the  Monotremes  also. 

The  views  of  Owen  were  pretty  generally  accepted  until  1865, 
when  Professor,  now  Sir  William  H.,  Flower  published  a  memoir  * 
ia  the  Philosophical  Transactions,  in  which  he  controverted  the 
conclusions  of  Owen,  and  maintained  that  a  corpus  callosum  was 
present  in  the  Marsupialia  and  Monotremata.  Flower  s  memoir 
was  illustrated  by  a  series  of  drawings  of  mesial  and  transverse 
vertical  sections  through  the  bi-ains  of  various  placental  and 
non-placental  mammals.  In  addition  to  the  human  subject, 
the  Placentalia  were  represented  by  sections  of  the  brains  of 
the  Sheep,  Rabbit,  Sloth,  and  Hedgehog,  and  the  Non-Placentalia 
by  the  Kangaroo,  Wombat,  Thylacine,  and  Echidna.  The  figures 
given  by  Flower  were  admirably  adapted  to  illustrate  the  com- 
parative development  of  the  commissural  fibres  in  the  series  of 
mammals  selected.  In  each  case  a  mesial  section  was  made 
through  the  cerebrum,  and  on  one  half  the  crus  and  optic 

1  **Sur  TEncephale  de  TEchidna  compare  de  I'Ornitliorliynque,  et  considera- 
tions  generales  sur  I'Eiicephale  des  Manimiferes  et  dea  Oiseaux,"  Mag,  de  Zool, 
1888. 

'  Descr,  Anal,  OrnUhorhyTuM  paradood,  Lipsife,  1827. 

*  "On  the  Commissures  of  the  Cerebral  Hemispheres  of  the  Marsupialia  and 
Monotremata,  as  compared  with  those  of  the  Placental  Mammals." 
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thalamus  were  removed,  bo  as  to  expose  the  ventricular  aperture 
(great  transverse  fissure  of  Bichat),  fascia  dentata,  aud  corpus 
fimbriatam  (see  fig.  2).  A  drawing  was  then  made  of  the 
stmctures  exposed.  The  brain  was  also  divided  by  a  transverse 
vertical  section  passing  through  the  anterior  commissure  and 
oorpiis  callosam,  or  the  mass  which  was  supposed  to  represent 
the  latter.  A  figure  was  given  to  show  the  relative  distribution, 
in  the  plane  of  this  section,  of  the  anterior  commissure  euid  the 
corpus  callosum. 

From  this  series  of  illustrations,  Flower  endeavoured  to  show 

that  the  Marsupialia  and  Monotremata  possess  a  true,  although 

rudimentary,  corpus  callosum,  composed  of  fibres  homologous 

with  those  of  the  corpus  callosum  of  the  placental  mammals. 

The  corpus  callosum  in  the  higher  mammalia  is  of  large  size 

and  the  anterior  commissure  small,  while  in  the  non-placental 

mammals  the  anterior  commissure  is  highly  developed,  and  the 

corpus  callosum,  if  present,  is  relatively  very  small.    Flower 

st-ated,  however,  that  the  corpus  callosum  is  greatly  reduced  in 

size  in  the  lower  placental  mammals,  such  as  the  Hedgehog, 

where  its  length  is  only  one-fifbh  of  the  entire  hemisphere. 

The  anterior  commissure,  on  the  other  hand,  is  increased  in 

bulk.    In  the  three  Marsupials,  Kangaroo,  Wombat,  and  Thyla- 

cine,  Flower  figures,  in  the  mesial  section  of  each  brain,  a  corpus 

callosum  distinct  firom,  although  partially  united  below  with, 

what  he  calls  the  psalterial  fibres  of  the  corpus  callosum.    The 

psalterial  fibres  correspond  to  the  hippocampal  commissure  of 

Owen.    In  the  Echidna  the  corpus  callosum  and  its  psalterial 

fibres  are  indistinguishable,  and  the  whole  mass  is  figured  as 

corpus  callosum. 

In  addition  to  the  series  of  mesial  and  coronal  sections  of  the 
brain  above  described,  Flower  has  a  drawing  of  a  dissection  of 
the  brain  from  above.  The  appearances  observed  in  this  speci- 
men have  an  important  bearing  on  the  subject  under  discussion, 
and  will  be  best  described  in  his  own  words : — "  On  looking  at 
the  upper  surface  of  the  brain  (Plate  xxxvi.  fig.  4),  the  two 
hemispheres  being  partly  separated,  a  transverse  white  band 
(B)  is  seen  extending  across  the  bottom  of  the  longitudinal 
fissure,  roofing  over  the  anterior  portion  of  the  third  ventricle, 
and  occupying  the  same  general  position  as  the  corpus  callosum 
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in  the  ordinary  mammal,  but  developed  to  a  smaller  exten.'fc 
even  than  in  the  Hedgehog.    In  the  brain  of  Macropus  Bennett^xi 
it  was  found  to  cover,  when  still  undisturbed  by  removal  froi 
the  cranial  cavity,  or  contracted  by  spirit,  about  half  the  opti 
thalamus,  and  to  measure  from  before  backwards  in  the  middlo 
line  a  quarter  of  an  inch,  or  one-sixth  of  the  entire  length  of 
the  hemisphere.    It  is  situated  deeply  in  the  great  longitudinaJ 
fissure,  is  thickened  and  most  elevated  posteriorly,  where  the 
margin,  slightly  and  evenly  concave,  crosses  the  cavity  of  the 
3rd  ventricle  (S),  the  peduncles  of  the  pineal  gland  (T),  anci 
the  optic  thalamus  (U).    The  anterior  margin  is  also  concave, 
but  extremely  narrow,  the  white  substance  being  continued  on. 
each  side  of  a  longitudinal  median  cleft  for  some  distance 
towards  the  front  of  the  cerebral  hemisphere,  as  if  in  its  anterior 
part  the  two  lateral  halves  of  the  commissure  had  not  been 
joined  together  in  the  middle  line.    On  close  examination,  it  is 
seen  to  be  composed  of  fibres  of  which  the  general  direction  is 
transverse,  but  on  its  upper  surface  can  be  distinguished  a 
longitudinal  median  raph^,  and  on  each   side  of  this  a  few 
longitudinal  white  fibres,  corresponding  to  the  '  strise  laterales  ' 
of  other  mammals. 

''  On  either  side,  the  transverse  fibres  are  lost  beneath  the  over- 
lapping grey  matter,  constituting  the  margin  of  the  convolu- 
tion of  the  corpus  callosum — the  *  labia  cerebri '  of  some  authors. 
To  follow  them  further,  the  last-named  parts  must  be  carefully 
removed  with  the  handle  of  a  scalpel  or  some  similar  instru- 
ment, when  a  delicate  broad  laminsB,  formed  by  the  lateral 
expansion  of  the  narrow  transverse  band,  will  come  into  view, 
passing  at  firat  horizontally  outwards,  and  then  curving  upward 
above  the  precommissural  fibres  of  the  fornix  (I),  the  cavity  of 
the  lateral  ventricle,  and  the  corpus  striatum  (R),  and  finally 
losing  themselves  in  the  medullary  substance  of  the  upper  part 
of  the  cerebral  hemispheres.  The  fibres  radiate  extensively 
forwards  and  backwards,  but  forming  a  continuous  lamina 
posteriorly  conterminous  with  those  on  the  surface  of  the  hippo- 
campus major,  anteriorly  becoming  much  more  delicate,  so  much 
so,  indeed,  that  it  is  not  easy  to  make  a  complete  dissection  of 
them  without  causing  some  rents  like  that  on  the  left  side 
shown  in  the  figure,  through  which  the  cavity  of  the  ventricle 
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below  is  exposed.  This  ezpansioD  of  the  tmnsverse  oommissure 
in  the  hemisphere,  though  described  by  Pappenheim  in  the 
OposBum,  appears  not  to  have  been  observed  by  Owen  in  any 
of  his  dimectioDS  "  (p.  644). 

In  describing  the  mesial  aspect  of  the  brain  of  the  Kangaroo, 
Flower  refers  to  the  fact  that  the  upper  margin  of  the  vontri- 
calar  aperture  is  formed  by  the  edge  of  a  broad  white  band — 
the  corpus  fimbriatum.  On  tracing  this  band  forwards,  he 
says : — "  It  is  found  to  be  continuous  with  the  hinder  edge  of 
the  whole  of  the  upper  transverse  commissure  "  (p.  646).  He 
observed  the  extension  of  the  hippocampal  fissure  forwards 
above  the  upper  transverse  commissure,  but  he  makes  no 
reference  to  a  corresponding  forward  projection  of  the  fascia 
dentata  (gyrus  dentatus). 

The  appearance  of  Flower's  memoir  was  followed  by  a  some- 
what  animated  discussion  between  himself  and  Owen,  which 
will  he  found  in  the  Proceedings  of  the  Royal  Society  of 
London?  Since  then  but  little  original  work  has  been  done 
in  connection  with  this  question,  but  what  has  been  published 
is  in  favour  of  Flower's  views  rather  than  those  of  Owen. 

In  1868  Dr  Julius  Sander  published  a  paper'  containing  an 
account  of  the  dissection  of  the  brain  of  Macropus  major  and  of 
Didelphis.  His  observations  agreed  with  those  of  Flower.  He 
has  a  drawing  (see  PL  xviii.  a,  fig.  2)  of  a  transverse  vertical 
section  of  the  brain  of  Macropus  made,  like  Flower's,  through 
the  anterior  commissure  and  what  they  regarded  as  the  corpus 
callosum.  This  figure  is  much  more  favourable  to  the  presence 
of  a  corpus  callosum  than  Flower's,  since  Sander  represents  the 
white  mass  of  the  corpus  callosum  as  passing  outwards  and 
upwards  above  the  lateral  ventricle,  directly  into  the  corona 
radiata.  This  is  certainly  an  error.  Flower's  drawings  show, 
what  can  readily  be  made  out  with  the  naked  eye,  viz.,  that  this 
white  bundle  forms  a  curve  with  its  convexity  directed  at  first 

^  ''Od  Zoological  Names  of  Characteristic  Parts  and  Homological  Interpreta- 
tiomi  of  their  Modifications  and  Beginnings,  especially  in  reference  to  the  Con- 
necting Fibres  of  the  Brain,"  by  Prof.  Owen.  Received  March  10,  1865.  Reply 
to  Prof.  Owen's  paper  "On  Zoological  Names,"  &c.,  by  W.  H.  Flower,  F.R.S. 
Received  March  28,  1865. 

'"Ueber  das  Qaercommissorensystem  des  Gehims  bei  den  Beutelthieren," 
Arch./.  AnaL  1868. 
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outwards  and  then  upwards,  and  bounded  on  its  convex  side 
a  distinct  fissure  which  separates  it  from  the  larger  white 
lying  on  the  other  side  of  the  fissure.  This  fissure  is  the  lateiTXtl 
ventricle.  In  cases  where  it  does  not  extend  so  fiu:  upwards,  xtss 
place  is  taken  up  by  a  connective  tissue  septum. 

Professor  H.  T.  Osborn  has  published  several  papers  dealing 
with  the  cerebral  commissures  in  the  vertebrata.     Most  of  Iris 
observations   were  made  upon  fishes,   amphibia,  and  reptil£et, 
but  one^  of  his  papers  deals  with  the  commissures  in   the 
Mammalia.    Osborn  holds  that  the  upper  commissure  of  tlie 
amphibian   and  sauropsidan  brain  represents  the  mammalitm 
corpus  callosum,  while   the  lower  commissure  represents  tfaie 
anterior  commissure.     The  view  formerly  held  was  that  the 
upper  and  lower  commissures  in  submammaliau  brains  cor* 
respond  to  the  pars  olfactoria  and   pars  temporalis  of  the 
mammalian  anterior  commissure.    He  does  not  appear  to  have 
made  any  observations  himself  upon  the  cerebral  commissures 
in  adult  marsupial  or  monotreme  brains,  but  he  adopts  the 
conclusions  of  Flower  and  Sander.   So  far  as  I  am  aware,  Osbora 
is  the  only  one  who  has  made  any  study  of  the  development 
of  the  cerebral  commissures  in  the  Marsupialia.     He  examined 
several  pouch  specimens  of  Macropus  major,  and  gives  drawings 
of  his  sections  (see  Plate  xxv.  figs.  24  to  27,  Morph,  Jahrh,,  vol. 
xii.).     All  these  figures,  with  one  exception,  show  the  fibres  he 
calls  corpus  callosum  confined  in  their  distribution  to  the  part  of 
the  inner  wall  of  the  cerebml  hemisphere  corresponding  to  the 
hippocampus  major  and  gjrrus  dentatus.     In  one  case  (see  fig. 
25)  they  seem  to  form  a  comparatively  large  bundle  going  up- 
wards to  the  inner  and  part  of  the  upper  wall  of  the   hemi- 
sphere.   It  is  so  different  from  his  other  figures  and  from  what  I 
have  found  in  the  adult,  that  I  feel  compelled  to  doubt  its 
accuracy. 

The  most  recent  contribution  to  the  anatomy  of  the  Mar- 
supial brain  is  by  Professor  C.  L.  Herrick.^  With  reference  to 
the  cerebral  commissures,  we  have  some  difficulty  in  decidiog 

^  "  The  Origin  of  the  Corpus  Callosixm,  a  contribution  upon  the  Cerebral  Com- 
missures of  the  Vertebrata,"  Morph.  JaJirh.y  vol.  xii.  parts  1  and  2. 

'  "The  Cerebrum  and  Olfactories  of  the  Opossum,  Didelphys  Yirginica," 
Journal  of  Comparative  Neurology  "  vol.  ii.,  1892. 
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as  to  his  precise  views  on  the  question  of  the  existence  of  a 
«»pu8  callosam  independent  of  the  hippocampal  commissure. 
He  does  not  mention  the  papers  of  Owen  and  Flower,  but  says — 
"  CaUcsum  and  hippocampal  commiasv/re. — It  is  not  necessary 
to  recount  the  various  opinions  and  discussions  of  the  callosum 
in  the  Marsupials.  Until  Osbom,  most  authors  had  agreed  that 
the  callosum  is  absent,  and  functionally  replaced  by  the  anterior 
oommissure.  Professor  Osborn  has  done  much  to  place  this  whole 
subject  in  its  proper  light ;  and  we  agree  with  him  in  respect 
to  the  essential  homologies  of  the  dorsal  commissural  system  " 

(p.  8) "In  the  case  of  Didelphys,  the  hippocampus 

and  related  structures  are  strongly,  not  to  say  predominatingly 
developed  "  (p.  9).  He  appears  to  regard  the  cephalic  portion  of 
the  dorsal  commissure  as  the  corpus  callosum,  and  the  caudal 
portion  as  the  hippocampal  commissure.  He  gives  a  number 
of  figures  of  transverse  vertical  and  horizontal  sections  of  the 
brain  of  Didelphys.  His  drawings  agree  with  my  own  speci- 
mens, but  he  marks  as  gyrus  fomicatus  what  is  generally  called 
the  hippocampus  major,  or  comu  ammonis,  and  the  character- 
istic layer  of  cells  in  the  gyrus  dentatus  or  fascia  dentata  he 
designates  gyrus  uncinatus  (see  figs.  4  and  5  on  Plate  A, 
illustrating  his  paper).  In  fig.  3  of  the  same  plate  he  marks 
as  "splenial  fissure"  what  I  believe  to  be  the  hippocampal 
fissure. 

The  material  which  I  have  used  in  my  study  of  the  cerebral 
commissures  in  the  Monotremata  and  Marsupialia  comprises — 

1.  Three  brains  of  the  Ornithorynchus  paradoxus,  all  pre- 

served in  spirit.  Two  of  these  were  used  for  naked- 
eye  examination,  and  one  was  embedded  in  paraffin, 
and  a  complete  set  of  coronal  sections  mounted  serially 
for  microscopic  examination. 

2.  An  incomplete  set  of  microscopic  sections  of  the  brain 

of  an  Echidna. 

3.  The  brain  of  an  Australian  Opossum  hardened  in  spirit, 

embedded  in  paiufiin,  cut  into  a  series  of  coronal 
sections,  and  mounted  for  microscopic  examination. 

4.  The  brain  of  a  Derbian  Wallaby — Halmaturus  derbianus 

— hardened  in  MuUer's  fluid.    A  mesial  section  was 
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made  of  this  brain,  and  from  the  one  half  sBTerctl 
slabs  were  cut,  embedded  in  collodion,  stained  by  tbe 
Weigert-Pal  method,  and  mounted  for  microscopio 
examination* 

5.  The  brains  of  several  other  Marsupials — some  hardened 

in  spirit,  and  others  in  Mliller.  These  were  used  f  oi- 
naked-eye  dissection. 

6.  A  pouch  specimen  of  Macropus  major.     The  brain  wae 

hardened  in  spirit,  and  mounted  serially  like  No.  3. 

I  desire  to  express  my  best  thanks  to  my  friends  Professor 
D.  J.  Cunningham,  F.R.S.,  Professor  G.  B.  Howes,  Mr  F.  E. 
Beddard,  F.RS.,  Professor  D*Arcy  Thompson,  and  Mr  Hard- 
castle  for  kindly  giving  me  specimens. 

The  Anterior  Commissure. — Of  the  fibres  uniting  the 
two  cerebral  hemispheres  in  the  non-placental  mammals,  those 
forming  the  anterior  commissure  are  undoubtedly  the  most 
Highly  developed.  In  this  respect  the  brains  of  all  these 
animals  present  a  very  marked  contrast  with  those  of  any  of  the 
placental  mammals.  It  is  undoubtedly  true  that  the  corpus 
callosum  diminishes  pretty  regularly  in  size  as  we  pass  from 
the  higher  to  the  lower  placental  mammals,  and  this  is  probably 
associated  with  some  slight  compensatory  increase  in  the  size 
of  the  anterior  commissure.  As  Professor  Flower  has  shown, 
the  common  Hedgehog  is  an  excellent  example  of  an  animal  in 
which  the  corpus  callosum  is  very  small.  Flower  described  its 
anterior  commissure  as  increased  in  bulk.  This  increase,  how- 
ever, does  not  appear  to  me  to  be  very  marked.  Thus,  in  a 
mesial  section  of  the  brain  it  was  only  1*4  mm.  in  its  longest 
diameter  and  about  '8  mm.  in  its  narrowest,  and  the  corpus 
callosum  was  between  two  and  three  times  larger  than  it 

Assuming  that  the  anterior  commissure  in  this  animal,  as 
compared  with  higher  mammals,  is  relatively  large,  this  may  be 
due  mainly  to  the  highly-developed  condition  of  its  olfactoiy 
apparatus,  for  it  is  well  established  that  the  anterior  commissure 
contains  fibres  which  turn  forwards  to  become  continuous  with 
one  of  the  roots  of  the  olfactory  nerve.  Professor  Osbom^ 
recognises  in  the   Mammalian  brain  three  divisions  of   the 

^  Cjp.  ciLf  p.  8. 
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anterior  commissure,  viz.,  the  olfactory,  temporal,  and  frontal. 
The  ol&ctory  we  have  already  referred  to.    The  temporal  turns 
backwards  below  the  caudate  and  through  the  lenticular  nucleus 
to  the  temporal,  and  probably  the  occipital,  regions  of  the  brain. 
The  frontal,  according  to  Osbom,  supplies  the  ventro-lateral 
portion  of  the  mantle,  and  is  complemental  in  size  with  the 
corpus  callosnm.    "Thus  it  is  very  large  in  the  monotremes 
and  marsupials,  and  gradually  diminishes  in  the  higher  mam- 
mals with  the  increase  of  the  corpus  callosum"  (p.  540).     In 
place  of  a  gradual,  I  would  say  that  there  is  a  very  abrupt  and 
sudden  diminution  in  these  fibres  of  the  anterior  commis- 
sures in  passing  from  the  non-placental  to  the  lower  placental 
mammals.    In  a  transverse  vertical  section  of  the  brain  of  the 
Hedgehog  passing  through  the  corpus  callosum  and  anterior 
commissure,  the  fibres  of  the  latter  can  be  seen  forming  a 
bundle  of  about  the  same  size  as  the  corpus  callosum.    This 
bundle  extends  outwards  on  each  side  for  about  3  mm.,  and 
then  rapidly  diminishes  in  size,  to  form  a  delicate  layer,  just 
visible  to  the  naked  eye,  which  goes  outwards  and  upwards 
beneath  the  corpus  striatum  to  join  the  corpus  callosum.    The 
sudden  decrease  in  the  size  of  the  anterior  commissure  is  due  to 
the  ol£actory  and  temporal  portions  turning  forwards  and  back- 
wards respectively.    Qanser^  shows  a  similar  arrangement  in 
the  Mole,  although  from  his  drawings  (see  figs.  10  and  11)  the 
frontal  portion  of  the  anterior  commissure  appears  to  be  larger 
in  the  Mole  than  my  sections  show  it  in  the  Hedgehog. 

In  all  the  non-placental  mammals  the  anterior  commissure  is 
much  more  highly  developed  than  in  the  Hedgehog  or  Mole. 
The  increase  in  its  extent  is  practically  confined  to  those  fibres 
which  pass  outwards  and  upwards  towards  the  outer  wall  of  the 
hemisphere.  These  fibres,  the  pars  frontalis  of  Osborn,  can 
readily  be  seen  in  a  transverse  vertical  section  of  the  brain  of 
any  non-placental  mammal  to  pass  first  outwards  and  upwards, 
and  then  upwards  and  inwards  as  far  as  the  inner  wall  of  the 
hemisphere.  They  unite  the  cortex  of  the  two  hemispheres 
situated  on  the  ventral,  outer,  and  dorsal  aspects,  and  also  that 
on  the  inner  walls  above  the  hippocampal  fissures.     In  a  recent 

^  "  Tergleichend-&iiatomi8che  Studien  iiber  daa  Gehirn  des  Manlwarfs,"  McrpK 
Jahrhwh^  bd.  vii. 
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paper'  I  ahowed  that,  in  regard  to  the  oi^aa  of  Jacobson,  tibo 
MoDOtremes  differed  much  more  from  the  Marsupialia  than  fclie 
latter  did  &om  the  placental  mammala.     Sach,  howcTcr,  is  not 
the  case  with  reapect  to  the  oommiasural  HhTea  of  the  cerebrnro. 
In  both  divisiona  of  the  non-placental  mammala  the  anterioi- 
commissure  unites  correBponding  portiona  of  the  cortex.     There 
are,  however,  certain  differences  in  the  relations  of  the  fibres  as 
they  pass  to  the  cortex.     In  a  transverse  vertical  section  of  the 
brain  of  the  Omithoiynchas 
(fig.  1),  made  opposite  the 
anterior     commisanre,     the 
fibres  of  this  structure  are 
found  to  extend   outwarda 
below  the   corpus  striatuna 
(a  s.),  and  then  ascend  on 
its  outer  side  to  come  into 
relation  with  the  upper  part 
of  the  outer  wall  of    the 
lateral  ventricla    The  cor- 
pus striatum  is  not  divided 

.   ,       .        ,         into  a  nucleus  caudatus  and  a 

Pio.  l.—Transverw  vertical  section  of  bram  ,        ,       -     ,     .    •     , 

of  Omithoiynchm    A.C.  jnUrior  com-  nucleua  lenticulans  by  longi- 

Tnissnre;  H.C,  hippocampal  oomminnre.    tudinal    fibres    arranged    tO 

The  fibres  of  this  commUBure  on  the  inner   fo^m    an     internal     Capsule, 

wall  of  the  lateral  ventricle  Fomi  the  aUeuB  ,  .  ^         ' 

of  the  hippocampus  mnjor  (H).    They  are    D"*  1^8  grey  matter  IS  tra- 

drawn  rather  too  thick.    H,F,  hippo-  versed   by  a  lar^  number 

wrap.1  figure.    The  corresponding  B«we  of  amall  rounded  bundles  of 

on   the  other   aide  is  not  lettered.     K,  ■      j-      i  ev  i.-  u 

Rhinencephalon.     C.S,  corpnB  atriatnm,    longitudinal  fibres,  which  are 

L.V,    lateral    ventriole,      F.D,    (mcU  pretty  uniformly  distributed 

'^^"'^'^  throughout    its    substance. 

From  Flower's  *  drawing  of  a  corresponding  transverse  section 

of  the  brain  of  the  Echidna,  it  appears  that  the  Echidna  agrees 

in  this  respect  with  the  Omithorynchus. 

In  both  the  Australian  Opossum  and  the  Wallaby  the  corpus 
striatum  is  divided  at  the  level  of  the  anterior  commiBBure  into 
two  distinct  nuclei  by  an  internal  capsule ;  and  while  the  lower 

'  "On  the  Nose,  the  Organ  of  Jacobson,  aod  the  Dumb-bell-shaped  Done  in 
the  OmithorjDchas,"  Pnc  Zool.  Sat.,  1S91,  No.  ziiix. 
'  Op.  at.,  p.  1.  Plate  xnviii  Eg.  8. 
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fibres  of  the  commissure  sweep  round  below  and  external  to  the 
lenticular  nucleus,  the  upper  ones  go  into  the  internal  capsule. 
In  my  serial  sections  of  the  brain  ot  the  Australian  Opossum 
the  upper  and  posterior  fibres  of  the  anterior  commissure  form  a 
more  compact  bundle  than  the  other  fibres  of  the  commissure, 
and  stain  m<»re  deeply  with  carmine.  These  fibres  turn  out- 
waids  and  backwards  into  the  internal  capsule,  and  perhaps 
represent  the  pars  temporalis  of  the  anterior  commissure.  In 
none  of  the  non-placental  mammals  have  I  been  able  to  recog- 
mse  any  clear  distinction  between  the  temporal  and  so-called 
frontal  portions  of  the  anterior  commissure,  and  in  all  of  them 
the  ol&ctory  portion  is  distinct. 

The  Hippocampal  Commissure. — ^The  points  in  dispute  in 
connection  with  the  question  of  the  presence  or  absence  of  a 
corpus  callosum  in  the  non-placental  mammals  are  partly  those 
of  the  interpretation  of  admitted  facts  and  partly  those  con- 
nected with  the  actual  distribution  of  nerve-fibres.     Both  Owen 
and  Flower  admit  the  existence  of  commissural  fibres  uniting 
the  two  hippocampi  majores.    Owen  considers  them  to  be  the 
tians verse  fibres  or  lyra  of  the  fornix  or  the  hippocampal  com- 
missure.    Flower  holds  that  they  are  a  part  of  the   corpus 
callosum,  and  he  names  them  the  psalterial  fibres  of  the  corpus 
callosum.     It  seems  to  me   that  there  are  good  reasons  for 
distinguishing  these  fibres  from  those  of  the  corpus  callosum  of 
the  placental  mammals,  since  they  unite  portions  of  the  cortex — 
hippocampi  majores  and  gyri  dentati — which  have  a  structure 
quite  distinct  from  that  of  the  rest  of  the  cortex.     Further, 
these  fibres,  although  they  may  lie  in  the  mesial  plane,  in  clase 
relation  with  the  corpus  callosum,  yet  in  their  distribution  they 
are   intimately  associated  with    the   fornix.      Thus   Professor 
Obersteiner,^  in  reference  to  the  human  brain,  writes : — **  The 
two  posterior  crura  (pillars)  of   the   fornix,   where   they   lie 
beneath  the  corpus  callosum,  include  between  them  a  structure, 
triangular  and   equilateral,  with  an  angle  pointing  forwards, 
psalterium  (lyra  Davidis).     It  consists  of  white  matter  exhibit- 
ing a  transverse  fibrillation,  and  is  often  not  completely  united 
to  the  corpus  callosum,  the  space  left  between  them  being 

>  The  Anatomy  of  ihe  Ooniral  Nervout  System,    By  Dr  H.  Obenteiner.    Trans* 
lated  by  Dr  Alex.  HiU.    LondoD,  1890. 
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called  Verga's  ventricle  "  (p.  74).  Flower  objected  to  the  hippo* 
campal  commissure  being  regarded  as  a  part  of  the  fornix,  as 
he  considered  that  the  fornix  was  a  purely  longitudinal  commLs- 
sure.  Honegger,^  however,  in  his  elaborate  study  of  the  fornix^ 
recognises  the  existence  of  transverse  fibres;  and,  indeed,  he 
figures  them  in  his  phototypes  of  sections  of  the  brain  of  the 
Mouse. 

From  the  summary  of  the  literature  which  we  have  already 
given,  it  is  evident  that  Professor  Flower  based  his  belief  in 
the  presence  of  a  corpus  callosum  upon  the  existence  of  trans- 
verse commissural  fibres  uniting  portions  of  the  cortex  other 
than  the  two  hippocampi,  although,  as  we  have  seen,  he  thoug^ht 
the  hippocampal  commissure  ought  to  be  regarded  as  a  part  of 
the  corpus  callosum.    Indeed,  it  is  upon  the  presence  or  absence 
of  these  additional  fibres  that  the  whole  controversy  really  rests. 
We  have  already  quoted  (see  page  71  et  seq.)  Flower's  description 
of  such  fibres  in  the  brain  of  the  Great  Kangaroo.    It  will  be 
observed  that  he  describes  these  fibres  as  losing  themselves  in 
the  medullary  substance  of  the  upper  part  of  the  cerebral  hemi- 
spheres, but  forming  a  lamina  "  posteriorly  conterminous  with 
those  on  the  surface  of  the  hippocampus  major."    In  his  figures 
of  the  brains  of  the  Maraupialia  and  the  Echidna  (see  M,  figs. 
2,  4,  6,  and  8),  he  shows  the  "  corpus  fimbriatum  "  or  "  edge  of 
posterior  crura  of  fornix."    I  am  satisfied  that  a  large  number 
of  these  fibres  cross  the  mesial  plane  to  form  the  hippocampal 
commissure  (N  in  Flower's  figures).    Above  and  in  firont  of  the 
hippocampal  commissure  he  shows  the  corpus  callosum  (marked 
B).     Now,  these  fibres  are  distributed,  like  those  of  the  corpus 
fimbriatum,  to  the  gyrus  dentatus  and  hippocampus  major,  their 
peculiar  position  in  these  animals  being  due  to  the  fact  that  the 
gyrus  dentatus  and  hippocampus  major  are  continued  forwards 
and  upwards  on  the  inner  aspect  of  the  hemisphere  nearly  to 
its  anterior  extremity,  and  this  causes  a  corresponding  forward 
extension  of  their  commissural  fibrea     Flower's  drawing  of  a 
transverse  vertical  section  of  the  brain  of  a  Kangaroo  (see 
PI.  xxxviiL  fig.  2)  is  an  excellent  illustration  of  the  naked-eye 
appearance  of  these  fibres ;  but  he  gives  no  indication,  either  in 

^  ''YergleicheDd-anatomische   Untersuchungen   uber   den  Fornix,"    MeeuHl 
Zooloffique  Suisse,  tome  y.  No.  2  et  8,  1890. 
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the  text  or  the  figures,  that  he  recognisea  the  cortex  in  contact 
with  these  fibres  as  the  anterior  prolongation  of  the  hippocampi 
majores  and  gyri  dentati,  although  such  they  aodoubtedly  are. 
He  does  not  hibel  them  in  his  drawiogB,  but  from  his  text  he 
appears  to  regard  them  as  the  convolution  of  the  corpus  callo- 
Bum.  Flower's  observations,  made  nearly  thirty  years  ago,  were 
apparently  confined  to  a  naked-eye  examination,  hence  this 
Sulnre  to  distinguish  the  special  structures — gynia  dentatus  and 
hippocampus  major.  A  careful  microscopic  examination  of  a 
series  of  transverse  vertical  sections  will  show  that  the  fibres 
described  as  the  corpus  callosnm  by  Flower  and  others  are 
merely  commissural  fibres  for  the  anterior  parte  of  the  hippo* 
catnpos  major  and  gyrus  dentatus  of  one  side  with  those  of  the 
other,  and  that  they  are  continuous  with  the  hippocampal  com- 
missure and  ttenia  hippocampi,  which  have  a  similar  relation 
to  the  posterior  part  of  these  convolutions. 

Fig.  2  is  a  view  of  the  inner  aspect  of  the  cerebrum  of  a 
Derbiau  Wallaby.     The  line  a  shows  the  plane  in  which  the 


Tig-  2  (Life  ate).  Fi^.  3. 

cerebrum  was  divided  in  the  section  represented  in  fig.  3,  while 

the  line  b  indicates  the  position  of  the  section  of  which  fig.  4  is 

a  drawing. 
The  same  lettering  as  for  fig.  1  has  been  used  for  figa  2, 

3,  and  4.     In  figs.  2  and  4,  T.H,  tienia  hippocampi.     In  fig.  4, 

C.R,  corona  radiata. 
The  fibres  covering   the  ventricular  surface  of  the   hippo- 
VOL.  XXVII.  (N.S.  vol.  VII,)  F 
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campos  major  at  their  upper  and  moer  extremity  come  into 
relation  with  the  white  matter  from  the  anterior  commissure 
which  goes  to  the  cortex  on  the  inner  aspect  of  the  cerebrum, 
situated  immediately  ahove  the  hippocampal  fissure,  and  in. 
some  cases  it  appears  to  the  naked  eye  as  if  the  fibres  of  the 


Fig.  i. 

hippocampal  commissure  might  assist  to  a  slight  extent  io  sup- 
plying the  cortex  lying  above  the  hippocampal  fissure.     As  a 

rule,  the  surface  of  the  hippocampus  major  is  bounded  externally 
by  the  ventricular  cavity,  but  in  some  places  the  ventricle  does 
not  extend  bo  high,  and  then  the  surface  of  the  hippocampus 
lies  in  contact  with  the  centrum  ovale  of  the  hemisphere.  In  a 
section  of  this  kind  the  mistake  has  sometimes  been  made  (see 
Qanser)  of  supposing  that  the  fibres  of  the  hippocampal  com- 
missure go  directly  into  the  corona  radiata. 

In  order  to  ascertain  properly  the  distribution  of  the  fibres  of 
the  hippocampal  commissure,!  hardened  the  braia  of  a  Wallaby 
in  MUlIer's  fluid,  and  stained  the  fibres  by  the  Weigert-Pal 
method.  These  specimens  showed  that  the  fibres  passing  from 
the  mesial  plane  outwards  separated  into  two  bundles,  the 
smaller  going  to  the  fascia  dentata,  and  the  larger  to  the  ventri- 
cular surface  of  the  hippocampus  major.  In  their  course  they 
gave  off  fibres  to  the  subjacent  grey  matter.  The  fibres  of  the 
hippocampus,  considerably  reduced  in  size  when  they  reached 
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the  upper  and  inner  end  of  this  structure,  did  not  radiate  toward 
the  grey  matter  of  the  adjacent  convolution,  but  appeared  to 
alter  their  direction  and  run  longitudinally.  I  made  similar 
sections  across  the  corpus  fimbriatum  and  adjacent  portions  of 
the  hippocampus  major  and  fascia  dentata.  The  fibres  of  the 
corpus  fimbriatum,  cut  transversely,  were  seen  to  send  fibres  to 
the  gyrus  deutatus  and  hippocampus  major,  and  these  were  dis- 
tributed in  the  same  way  as  those  fibres  which  passed  from  the 
mesial  plane  transversely  to  the  anterior  part  of  the  same  con- 
volutiona 

Dr  Luigi  Sala  ^  (1)  has  recently  published  a  beautiful  drawing 
(see  PL  iii.)  of  a  section  through  the  corpus  fimbriatum,  fascia 
dentata,  and  hippocampus  major  in  the  brain  of  a  Rabbit.  The 
specimen  was  stained  by  the  Weigert  method.  It  shows  a  dis- 
tribution of  the  fibres  to  the  hippocampus  major  and  gyrus 
dentatuB  practically  identical  with  what  I  have  found  in  the 
Wallaby.  In  examining  a  series  of  sections  stained  by  Weigert's 
method  a  few  fibres  of  the  hippocampal  commissure  may  some- 
times be  seen  joining  those  of  the  anterior  commissure,  but  the 
vast  majority  of  the  fibres  going  to  the  cortex  just  above  the 
hippocampal  fissure  are  derived  from  the  latter. 

The  hippocampal  commissure  in  the  non-placental  mammals 
resembles  the  corpus  callosum  of  the  plaoentalia  in  having  its 
fibres  collected  into  a  narrow  bundle  where  they  cross  the  mesial 
plane.  On  either  side,  however,  they  spread  out,  the  anterior 
ones  turning  forwards,  and  the  posterior  backwards.  Their  dis- 
tribution will  be  found  to  correspond  with  that  of  the  hippo- 
campus major  and  fascia  dentata.  The  fibres  going  forwai'ds 
form  a  much  thinner  layer  than  those  turning  backwards,  because 
^te  greater  part  of  these  convolutions  lie  behind  the  point  where 
the  commissure  crosses  the  mesial  plane. 

It  appears  to  me,  therefore,  that  the  cerebral  commissures  in 
the  Honotremata  and  Marsupialia  present  several  characters  by 
which  they  can  be  distinguished  from  those  of  the  placental 
mammals,  viz.,  (1)  the  anterior  commissure  is  as  large  and  gene- 
rally much  larger  than  any  other  transverse  commissure  of  the 
cerebrum,  and  it  unites  the  whole  of  the  cortex  of  the  two 

^L.  Sala,  **  Zur  feineren  Anatomie  des  grosseii  Seepferdefusses,"  Zeitschrift  fUr 
^'^^^smchqftliehe  Zoologie,  1891. 
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hemispheres  except  the  gyri  dentati  and  hippocampi  majores ; 
(2)  they  have  no  true  corpus  callosum ;  and  (3)  the  saperior 
transverse  commissure  is  simply  a  commissure  for  the  gyri 
dentati  and  hippocampi  majores. 

In  the  placental  mammals — (1)  The  anterior  commissure  is 
much  smaller  than  the  other  transverse  commissures,  and  it 
nover  extends  to  the  cortex  on  the  upper  surface  of  the  cerebral 
hemisphere,  or  to  that  on  the  upper  part  of  the  inner  sur&ce 
of  the  hemisphere;  (2)  a  true  corpus  callosum  is  present,  as 
well  as  (3)  a  hippocampal  commissure. 

My  observations  on  the  brains  of  the  lower  placental  mammals 
have  been  limited  to  the  Hedgehog  and  the  Mole.  From  Pro- 
fessor Flower's  drawing  (see  PI.  xxxvii.,  fig.  6,  Phil.  IhxunAj 
1865)  it  appears  probable  that  some  of  the  Edentates  may 
approach  more  neai'ly  to  the  arrangement  of  the  cerebi*al  com- 
missures in  the  Marsupialia  than  do  the  Insectivora.  I  hope 
soon  to  be  in  a  position  to  investigate  this  question. 


CONTRIBUTIONS  TO  THE  HISTOLOGY  OF  THE 
BEDGEEOQ  (ERIITACEUa  £UE0FjeU8).  By  E.  W. 
Cablier,  IID.,  B.Sc.,  F.R.M.S.,  &c,  Senior  Assistant  to 
the  Professor  of  Physiology  in  the  University  of  Edin'- 
burgh.    (Plates  IV.,  V.,  VI.) 

Part  L  The  Alimentart  Canal. 

As  already  pointed  out  by  Prof.  Flower,^  the  hedgehog  possesses 
only  three  circumvallate  papillse,  and  the  epithelium  of  its 
oesophagus  terminates  below  in  a  festooned  border ;  the  stom^h 
is  simple,  the  pyloric  sphincter  well  developed,  the  duodenum  at 
its  commencement  is  surrounded  by  a  thick  ring  of  Brunner  s 
glands ;  the  intestine,  which  is  slender,  and  six  or  seven  times 
the  length  of  the  animal,  presents  no  sign  of  division  into  small 
and  large  gut ;  there  is  also  a  total  absence  of  caecum,  ridges  and 
valvulae  conniventes,  but  the  villi  are  long,  slender,  cylindi-ical 
in  shape,  and  extend  to  what  may  be  looked  upon  as  the  colon, 
at  the  commencement  of  which  they  disappear,  and  Peyer's  glands 
are  well  marked. 

The  Tongue.— The  tongue  is  long  and  slender,  and  covered 
on  its  upper  surface  with  small  recurved  conical  papillae, 
amongst  which  a  few  large  fungiform  papillae  may  be  seen ;  the 
three  circumvallate  papillae  are  situated  far  back,  and  disposed 
in  the  usual  V-shaped  manner.  The  under  Bui&ce  of  the  organ 
is  generally  smooth,  except  at  the  tip,  where  it  is  slightly  rugose. 

The  epithelial  covering,  which  is  thick  and  dense,  consists  of 
stratified  squamous  cells  of  the  usual  type ;  their  protoplasmic 
bridges,  however,  are  very  short  and  inconspicuous ;  a  few  layers 
of  cells  only  on  the  surface  are  keratinised.  Some  cells  of  the 
stratum  Malpighi,  scattered  here  and  there  amongst  the  others, 
present  a  crescentic  nucleus  lying  at  the  side  of  a  vacuole ;  to 
aome  of  these,  nerve  fibrils  may  be  traced,  resembling  closely 
those  described  by  Haycraf  t '  in  the  carapace  of  the  tortoise. 

^  Lectmes  on  the  Comparative  Anatomy  of  the  Organs  of  Digestion  of  tlie 
Mammalia.     Lecture  viL    Medical  Times  and  OazeUe,  vol.  ii.  p.  1. 

'  Terminations  of  Kerres  in  the  Nuclei  of  the  Epithelial  Colls  of  Tortolseshell, 
QuarUrlff  Journal  </ Micntfcopieal  Science,  189(X 


' 
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Longitudinal  sections  of  the  tongue  cut  in  gum,  and 
stained  for  fifteen  minutes  in  Ehrlich's  acid  hsematoxylin, 
washed  in  tap  water  for  thirty  minutes,  then  transferred  to 
a  1-2000  watery  solution  of  benzo-purpurine  B  for  thirty 
minutes,  decolorised  in  acid  alcohol  70  per  cent.,  till  thejr 
assume  a  reddish-yellow  tint,  and  finally  mounted  in  balsam, 
show  the  structure  of  the  conical  and  fungiform  papillas  to 
perfection. 

The  conical  papillse  consist  entirely  of  epithelial  cells  derived 
from  the  deepest  cells  of  the  stratum  Malpighi,  covering'  a 
papilla  of  the  subjacent  fibrous  tissue;  this  germinal  layer 
forms  on  the  anterior  aspect  a  thick,  blunt  projection  down- 
wards and  backwards  into  the  fibrous  papilla,  converting  it  into 
a  shallow  cup.  From  this  projecting  mass  of  germinal  epi- 
thelium the  greater  part  of  the  cells  of  the  papilla  arise,  so  that 
it  seems  to  be  a  special  arrangement  for  the  development  of  the 
epithelial  part  of  the  papilla.  The  fibrous  tissue  beneath  this 
germinal  mass  is  richly  supplied  with  capillary  blood-vessels 
(PL  IV.  fig.  1). 

The  epithelium  of  the  spinous  papilla  may  be  divided  into 
two  portions— an  anterior,  which  springs  from  the  germinal  pro- 
cess just  alluded  to,  and  which  constitutes  the  greater  part ;  and 
a  posterior  portion,  which  springs  from  the  adjacent  growing 
part  of  the  stratum  Malpighi,  and  of  which  the  tip  of  the  papilla 
exclusively  consists. 

If  we  follow  the  cells  of  the  anterior  portion  as  they  grow 
outwards,  we  shall  see  that  they  gradually  increase  in  size, 
assume  an  elongated  shape,  and  that  their  long  axes  correspond 
with  that  of  the  papilla  itself  (PI.  IV.  fig.  1,  e).  The  cells  now 
appear  of  a  bright  orange  colour,  due  to  their  containing 
granules  of  varying  size  of  eleidin,  which  stain  deeply  orange 
with  benzo-purpurine;  their  nuclei,  which  have  also  become 
elongated,  stain  pale  violet  with  the  haematoxylin.  These  cells 
come  to  a  point  in  the  middle  line  of  the  papilla  where  they 
meet  similar  cells  of  the  posterior  portion,  giving  rise  to  a 
pointed  conical  mass  of  orange-staining  cells  in  its  interior. 
Above  these  orange  cells,  and  apparently  derived  from  them,  are, 
on  the  anterior  aspect  of  the  papilla,  a  number  of  long  spindle- 
shaped  cells,  which  stain  of  a  very  pale  blue,  and  exhibit  small 
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rounded  or  oval  nuclei  (PL  IV.  fig.  1,  a) :  they  do  not,  howereri 
extend  as  fieur  as  the  point. 

The  oran^-staining  cells  of  the  posterior  portion  take  origin 
at  a  lower  level  than  those  of  the  anterior  portion ;  they  project 
upwards  to  meet  them  as  already  described,  but  do  not  present 
any  distinct  granulation,  the  eleidin  appearing  to  be  difiiised 
throughout  the  cells  (PL  IV.  fig.  1,/). 

A  citron-yellow  mass,  of  structureless  appearance,  is  situated 
above  these  cells,  and  extends  downwards  behind  them  nearly 
to  the  germinal  layer  of  the  epithelium :  it  presents  faint  stri® 
suggestive  of  cell  outlines,  but  no  nuclei,  in  this  respect  resem- 
bling the  stratum  comeum,  and  is  no  doubt  composed  of  closely 
appressed  keratinised  cells  derived  from  those  immediately  below. 
The  tip  of  the  papilla  is  entirely  composed  of  this  material  (PL 
IV.  &g,  1,  k).    The  papilla  is  distinctly  marked  off  from  the  sur« 
rounding  epithelium  by  a  structureless  keratinised   material, 
continuous  on  the  one  hand  with  that  just  described,  and  on 
the  Other  with  the  stratum  comeum ;  on  section  it  appears  as 
an  irregular  branching  septum,  very  suggestive  of  solder,  seem- 
ing to  run  in  and  fill  up  all  the  interstices  between  the  cells 
(PL  IV.  fig.  1,  s) ;  beneath  this  the  deeper  layers  of  the  epithelium 
are  continuous  with  the  growing  part  of  the  stratum  Malpighi 
of  the  general  mucous  membrane,  which  is  puckered  below  as 
if  the  papilla  had  been  violently  thrust  through  it  from  within. 
The  conical  papillae  of  the  cat's  tongue,  when  treated  in  the 
same  manner,  do  not  exhibit  similar  appearances. 

The  fungiform  papillae  are  much  less  numerous  and  far 
larger  than  those  just  described.  They  consist  of  a  projection 
of  the  fibrous  tissue  of  the  mucous  membrane,  which  is  often 
carried  up  above  the  level  of  the  tips  of  the  spinous  papillae, 
covered  with  a  thin  layer  of  epithelium.  On  section  each 
papilla  presents  the  appearance  of  a  thick  pedestal,  topped 
by  a  flat,  table-like  piece,  flush  with  the  anterior  surface  of 
the  pillar,  but  projecting  considerably  beyond  it  posteriorly, 
forming  an  overhanging  ledge.  The  epithelium  which  covers 
the  surface  of  the  papilla  is  uniform  in  thickness,  and  con- 
sists of  three  layers — an  outer,  of  extreme  thinness,  composed 
of  stratum  corneum,  continuous  with  that  of  the  general  epi- 
thelium of  the  tongue ;  a  middle,  much  thicker,  staining  orange, 
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and  containing  eleidin,  which  gradually  tapers  off  along  t^Ixo 
sides  of  the  papilla;  and  an  inner,  consisting  of  one  or  tisvo 
layers  of  germinal  cells,  continuous  with  the  innermost  layer  of 
the  stratum  Malpighi.  An  occasional  taste-bulb  may  be  foacxcl 
in  the  epithelium. 

The  fibrous  part  of  the  papilla,  which  is  simple,  is  composed 
of  ordinary  connective  tissue,  containing  numerous  corpuscles 
and  capillary  blood-vessels ;  sometimes  a  bundle  of  nerve  fibres 
may  be  seen  running  up  the  centre  towards  the  epithelium,  where 
they  appear  to  end ;  at  other  times  a  few  fibres  of  the  vertical 
muscle  of  the  tongue  project  for  a  short  distance  into  its  interior. 

The  circumvallate  papillae  hardly  differ  from  those  of  other 
animals;  they  present  a  slight  central  depression,  and  the  taste- 
bulbs  are  confined  to  the  papillar  side  of  the  valleys.    The  epi- 
thelium is  thin,  and  similar  in  structure  to  that  covering  the 
tongue  generally.     At  the  point  where  that  covering  the  outer 
surface  of  the  valleys  joins  the  general  epithelium  it  is  extremely 
thin,  and  immediately  under  it  a  conspicuous  vein  is  situated. 
The  connective  tissue  of  the  papilla  is  very  cellular,  and  often  con- 
tains large  acini  of  serous  glands,  having  small  ganglion  cells  in 
connection  with  them;  their  ducts  open  into  the  bottoms  of 
the  valleys  with  those  of  the  serous  glands  situated  among  the 
muscles. 

The  connective  tissue  of  the  mucous  membrane  is  thin  but 
very  dense  at  the  tip  of  the  tongue,  becoming  thicker  and  looser 
towards  its  attached  end ;  it  contains  branched  connective  tissue 
corpuscles  lying  in  branching  cell  spaces,  and  in  the  posterior 
third  a  few  isolated  ganglion  cells  of  small  sLze. 

The  connective  tissue  between  the  muscle-fibres  is  loose^ 
cellular,  and  contains  much  fat,  especially  deep  down  in  the 
posterior  part  of  the  tongue.  It  is  rendered  very  conspicuous 
by  the  great  number  of  coarsely-granular  corpuscles  which  it 
contains.  The  granules  of  these  cells  stain  very  deeply  with 
acid  hsematoxylin  and  all  basic  aniline  dyes,  and  are  situated 
entirely  in  the  protoplasm,  none  being  visible  in  the  nucleus, 
which  usually  refuses  to  stain,  and  in  which  a  single  deeply- 
staining  nucleolus  may  sometimes  be  found 

These  coarsely-granular  cells,  "  plasma  cells "  of  Waldeyer,* 

*  •'Ueber  Bindegewebzellen,"  Arekivf.  Mikras.  Anat,  bd.  xi 
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appear  to  spring  from  small,  rounded,  nucleated,  connective  tissue 
0(»pu8cle8,  similar  to  those  that  develop  into  (at  cells.  They 
may,  however,  even  at  this  early  stage,  be  readily  distinguished 
bom  all  other  forms  of  connective  tissue  corpuscles  by  exhibit- 
ing one  or  more  large  granules  in  their  protoplasm,  having  all 
the  characteristics  shown  by  those  that  fill  the  adult  cells 
(PL  V.  fig.  1,  a). 

There  seems  to  be  no  evidence  of  a  transformation  of  these 
cells   into  fat  cells,  as  was  suggested  by  Waldeyer;^    they 
seem  simply  to  increase  in  size,  to  accumulate  more  granules  in 
their  protoplasm,  and  to  accommodate  themselves  to  the  shape 
of  any  space  in  which  they  may  happen  to  be.     They  may 
therefore  be  oval,  round,  polyhedral,  or  stellate  in  shape  accord- 
ing to  circumstances.    Later  they  appear  to  spread  themselves 
out  somewhat,  lose  their  granules,  except  in  the  neighbourhood 
of  the  nucleus,  where  they  remain  some  time  longer,  but  even- 
tually these  disappear  also,  and  the  cell  then  loses  completely 
its  characteristics,  and  cannot  be  distinguished  from  an  ordi- 
nary fixed  connective  tissue  corpuscle  (PI.  V.  fig.  1,  /). 

These  cells  are  by  no  means  confined  to  the  connective  tissue 
of  the  tongue,  but  are  numerous  all  over  the  body,  and  especi- 
ally so  in  the  neighbourhood  of  blood-vessels,  where  they  may 
often  be  seen  in  all  stages  of  growth. 

Their  function  is  at  present  unknown;  they  appear  to  be 
more  numerous  in  animals  which  have  been  copiously  fed  after 
having  been  made  to  fast  for  some  time  (Korybutt-Daskiewicy^), 
which  has  suggested  that  they  may  be  merely  overfed  ordinary 
connective  tissue  corpuscles  (Ehrlich).^  They  appear  to  be 
most  numerous  in  this  animal  soon  after  it  has  begun  again  to 
feed  in  spring,  but  they  never  entirely  disappear  from  the  body, 
and  in  the  tongue  they  seem  to  be  as  numerous  in  winter  as  in 
summer.  They  may  possibly  be  of  service  in  the  nutrition  of 
the  body,  as,  towards  the  end  of  hibernation,  no  young  plasma 
cells  can  be  seen,  only  adults,  and  cells  which  have  lost  many  of 

^  "Ueber  Bindegewebzellen,"  Arehivf,  Mikros.  AnaL,  bd«  zi. 

1  "  Ueber  die  Entwickelang  der  Nerven  and  Flasmazellen  helm  Frosche," 
Arehivf,  Mikros,  AticU.,  bd.  xv. 

>  "ITeber  die  specifischen  graDulationeii  des  Biates,"  VerMl,  cL  Physiol,, 
1874,  Ho.  20. 
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their  granules.  In  spring  and  autumn,  on  the  other  hand,  many 
young  cells  may  be  seen,  but  effete  ones  are  rare.  Their  large 
number  also  suggests  that  they  must  subserve  nutrition.  Pos- 
sibly the  granules  they  contain  may  be  gradually  used  up 
during  hibernation,  the  animal  being  thereby  supplied  with 
some  material  essential  to  its  wellbeing,  which,  owing  to  the 
torpid  condition,  it  is  at  the  time  unable  to  procure. 

The  muscles  of  the  tougue  resemble  those  of  other  animals  in 
general  arrangement  and  structure,  with  the  exception  of  a  few 
fibres  deeply  placed  posteriorly,  which  present  somewhat  embry- 
onic characters.  The  fibres  of  the  superficial  lingual  muscle  are 
worthy  of  special  note.     Three  varieties  may  be  made  out : — 

1.  Most  of  the  fibres  consist  of  very  fine  fibrils,  and  possess 
nuclei  only  under  the  8arcolemma,and  call  for  no  further  comment 
(PL  V.  fig.  2,  a).  2.  Coarsely -fibrillated  fibres,  of  which  a  few 
only  exist,  scattered  here  and  there  among  the  others ;  their 
nuclei,  as  usual,  are  under  the  sarcolemma.  3.  Curious  fibres 
found  scattered  in  an  isolated  manner  or  in  groups  all  over 
the  organ.  Each  consists  in  a  central  core  of  ordinary  striped 
muscle,  with  fine  fibrils,  surrounded  by,  but  slightly  separated 
from,  a  tubular  sheath  of  striped  muscle,  the  fibres  of  which 
run  at  right  angles  to  those  of  the  core ;  sometimes  a  nucleus 
may  be  seen  in  the  space  between  this  sheath  and  the  core. 
Outside  the  sheath  there  is  a  varying  quantity  of  undiffer- 
entiated granular  protoplasm  containing  nuclei,  which  are  often 
angular  in  appearance  (Pi.  Y.  fig.  2,  b).  These  fibres  are  at 
no  time  very  numerous. 

If  the  mechanism  of  such  a  fibre  be  studied,  it  will  be  seen 
that  if  the  central  core  were  alone  to  contract,  the  fibre  as  a 
whole  would  be  shortened ;  if  the  sheath  were  alone  to  contract, 
the  fibre  as  a  whole  would  be  lengthened ;  if  both  were  to  con- 
tract at  the  same  time,  no  movement  would  probably  result. 
The  fibres  appear  to  be  too  few,  however,  to  be  of  much  use  in 
the  movements  of  the  tongue,  and  not  symmetrical  in  position ; 
I  am  rather  inclined  to  look  upon  them  as  imperfectly  developed, 
like  those  of  Purkinje,  in  the  heart,  and  therefore  of  no  special 
significance. 

The  glands  of  v.  Ebner  are  large,  but  exhibit  the  usual  struc- 
ture ;  the  mucous  glands  present  an  extraordinary  development 
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in  the  posterior  ninth  of  the  organ ;  where  they  extend  among 
the  muscles,  through  the  whole  thickDess  of  the  tongue,  their 
ducts  are  slightly  dilated  just  before  reaching  the  surface. 

During  hibernation  the  tissues  of  this  organ,  and  of  the 
body  generally,  are  finr  less  readily  acted  upon  by  staining 
reagents  than  during  summer,  it  taking  twice  or  three  times 
as  long  to  produce  the  same  intensity  of  stain  with  the  same 
methods,  and  in  some  cases  a  faint  coloration  is  all  that  can 
be  obtained.  The  cause  of  this  difference  is  rather  obscure, 
but  possibly  depends  on  some  slight  alteration  in  the  chemical 
characters  of  the  tissues.  Beyond  the  staining  reaction,  the 
changes  in  this  organ  are  very  slight,  being  mainly  confined  to 
the  glands  which  remain  inactive  throughout  nearly  the  whole 
period 

(Esophagus. — ^The  oesophagus  is  chiefly  remarkable  for  the 
thickness  of  its  mucous  membrane,  and  the  absence  of  mucous 
glands. 

The  lining  epithelium  is  very  thick  and  of  the  ordinary  type ; 
it  terminates  below  in  a  sharp  festooned  border ;  the  connective 
tissue  of  the  mucosa  is  dense,  and  contains,  besides  the  usual 
elements,  large  numbers  of  plasma  cells,  which  almost  entirely 
disappear  during  hibernation.  The  muscularis  mucosae  is 
greatly  developed,  consisting  of  large  bundles  of  coarse  non- 
striped  fibres,  longitudinally  placed.  The  fibres  are  disposed 
in  a  single  layer,  differing  therefore  firom  the  arrangement  in 
the  Cat,  where  three  well-marked  layers  may  be  made  out ;  at 
the  junction  of  the  oesophagus  with  the  stomach,  this  mass  of 
muscle  quickly  tapers  down,  to  become  continuous  with  the 
thin  muscularis  mucosae  of  that  organ. 

The  submucous  coat  is  reduced  to  a  minimum,  due  to  the 
total  absence  of  all  glandular  structures,  mucous  glands  being 
entirely  absent  below  the  pharynx,  with  the  exception  of  a  few 
scattered  acini,  situated  near  the  cardiac  end,  internal  to  the 
muscularis  mucosae,  and  therefore  in  the  mucous  membrane. 
There  are,  however,  some  serous  glands  in  the  submucosa  of 
the  organ,  arranged  in  a  ring  round  the  cardiac  orifice  of  the 
stomach,  the  long  ducts  of  which  pierce  the  muscle  and  epithe- 
lium, to  open  just  above  the  festooned  border.  Ljrmph  follicular 
tissue  is  also  totally  absent  from  the  whole  length  of  the  tube. 
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with  the  exoeptioQ  of  a  few  solitary  glands  in  the  neighbourhood 
of  the  stomach. 

The  muscular  coat  is  thick,  and  consists  throughout  its 
whole  length  of  striped  muscle  fibres  of  the  usual  type,  arranged 
obliquely  in  two  layera  Near  the  stomach,  where  they  pass 
into  the  plain  muscle  fibres  of  that  organ,  some  fibres  of  ern^ 
bryonic  type  may  usually  be  seen.  Occasionally  a  few  adven- 
titious striped  fibres  may  make  their  appearance  in  the  sub* 
mucous  coat,  when  they  often  exhibit  nuclei  surrounded  by  a 
little  undifferentiated  protoplasm  situated  here  and  there  among 
the  muscle  fibrils,  as  well  as  the  usual  nuclei  under  the  S€uxx>- 
lemma  (PI.  lY.  fig.  2).  These  fibres  approximate  much  more 
closely  to  the  amphibian  than  to  the  mammalian  type  of  striped 
muscle. 

Stomach. — Independently  of  the  rugee,  sections  of  the  mucous 
membrane  of  the  stomach  present  an  undulating  appearance, 
which  is  mainly  due  to  variation  in  the  length  of  the  glanda 

Immediately  following  the  abrupt  termination  of  the  oeso- 
phageal epithelium  is  a  small  area,  the  glands  in  which  contain 
only  one  kind  of  cell,  and  similar  to  those  of  the  pyloric  end  in 
appearance,  but  possessing  only  short  ducts.  These  are  followed 
by  glands  of  the  usual  cardiac  type.  The  parietal  cells  are  at 
first  confined  to  the  closed  ends  of  the  cardiac  glands,  but 
quickly  become  more  numerous  as  we  recede  from  the  oeso- 
phagus. 

The  cardiac  glands  extend  over  ^ths  of  the  stomach,  and  are 
of  the  usual  type ;  they  vary  in  length,  including  the  duct,  from 
0*42  mm.  to  070  mm.,  and  have  an  average  thickness  of  0*04 
mm.  at  their  thickest  part 

The  ducts,  which  vary  from  0*08  mm.  to  0*20  mm.  in  length, 
are  broad;  and  lined  by  the  usual  clear  columnar  cells,  the 
appearances  presented  by  which  vary  with  their  condition. 
When  the  cells  have  been  active  for  a  time — that  is,  when  their 
contents  have  been  discharged  into  the  stomach — the  cells  pre* 
sent  a  finely- granular  appearance,  due  to  their  fine-meshed 
protoplasmic  network,  which  stains  of  an  orange  colour  with 
benzo-purpurine  B.  The  cells  themselves  appear  angular,  and 
the  nucleus,  which  is  oval  and  placed  near  the  attached  end,  is 
full,  and  exhibits  a  nuclear  network  (PL  lY.  fig.  4,  c\    When, 
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however,  the  cell  has  been  at  rest  fbr  some  time,  it  has  a  swollen 
appearance,  the  angles  are  to  a  certain  extent  rounded  off,  and 
the  whole  cell  is  much  less  granular ;  a  fine  network  is  visible  in 
it,  the  strands  of  which  seem  stretched.  This  clear  appearance 
is  due,  no  doubt,  to  the  cell  containing  a  substance,  mucigen, 
antecedent  to  mucin,  which  stains  of  a  faint  blue  violet  tint 
with  acid  haematoxylin,  at  the  same  time  the  nucleus  recedes 
further  into  the  attached  end  of  the  cell,  and  if  the  cell  be  very 
distended  has  the  appearance  of  a  shrivelled  body,  often  of 
erescentic  shape  (PI.  lY.  fig.  4,  d  e). 

It  is  stated  in  Foster's^  physiology  that  these  cells  burst 
open  at  their  free  ends,  thereby  allowing  their  contents  to 
escape  into  the  cavity  of  the  stomach,  as  is  the  case  with  the 
chalice  cells  of  the  small  intestine.  After  diligent  search,  I 
have  failed  to  find  sufficient  evidence  for  concluding  that  this 
is  the  usual  mode  of  discharge,  but  believe  rather  that  the 
mucigen  is  more  often,  nay  almost  always  discharged,  without 
rupture  of  the  cells,  resembling  the  compound  mucous  glands 
in  this  respect.  Between  the  attached  ends  of  the  cells  are 
many  replacament  cells  and  a  few  leucocytes;  beneath  the 
attached  ends  a  cribriform  basement  membrane  is  developed 
by  a  flattening  of  the  cells  of  the  subjacent  adenoid  reticulum, 
as  is  the  case  in  other  animals  (Foster  ^). 

The  neck  of  the  gland  is  short,  0*02  mm.  to  0*08  mm.,  and 
contains  only  central  cells,  the  protoplasmic  network  of  which 
stains  blue  with  acid  haematoxylin.  This  arrangement  is  the 
opposite  of  that  which  occurs  in  the  Babbit,  where  the  parietal 
cells  are  by  far  the  most  numerous  in  the  necks  of  the  glands. 

The  body  of  the  gland  is  0*32  mm.  to  0'46  mm.  in  length,  and 
presents  both  central  and  parietal  cells,  the  latter  so  closely 
packed  together  as  to  entirely  obscure  the  central  cells  in  sur- 
fistce  views  of  the  acini  The  parietal  cells  are  of  the  usual  type, 
each  situated  in  a  little  compartment  of  its  own,  surrounded  by 
basement  membrane ;  they  call  for  no  further  comment 

The  several  parts  of  these  glands  are  perhaps  best  differentiated 

by  staining  in  1-1200  watery  solution  of  cosine,  and  subsequently  in 

1-1200  watery  solution  of  iodine  green,  and  finally  mounting  in 

balsam. 

1  Text-hook  of  Phynology,  London,  1890.  >  Ibid, 
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At  the  spot  where  the  cardiac  part  of  the  stomach  passes  into 
the  pyloric,  the  cardiac  glands  suddenly  cease  to  give  place  to 
the  pyloric  glands. 

The  ducts  of  the  pyloric  glands  are  long  and  wide,  and  are 
lined  by  the  same  mucigen,  forming  cells  that  line  those  of 
the  cardiac  end.  The  secreting  part,  which  is  very  short,  is 
lined  by  columnar  cells  that  resemble  very  closely  those  found 
in  the  acini  of  Brunner's  glands  of  the  duodenum ;  they  differ 
from  the  central  cell  of  the  cardiac  glands  in  staining  reactions, 
their  protoplasm  staiDing  of  a  faint  purple  with  acid  hsematoxy- 
lin,  and  the  protoplasmic  network  of  an  orange  tint  with  benzo- 
purpurine  B,  which  that  of  the  central  cells  never  does;  the 
nucleus  is  also  situated  nearer  the  attached  ends  of  the  pyloric 
cells  than  is  the  case  with  the  nucleus  of  the  centro-acinal  ceils. 
There  is  a  basement  membrane  outside  the  cell& 

The  whole  mucous  membrane  containing  the  pyloric  glands 
when  measured  along  its  folds,  in  hardened  preparations,  is  only 
2*1  centimetres  in  longitudinal  extent. 

According  to  Foster,^  Klein,*  Stirling,*  and  others,  the  epi- 
thelium covering  the  surface  of  the  stomach  is  the  same  as  that 
which  lines  the  ducts  of  the  various  glanda  On  the  other  hand. 
Professor  Rutherford  has  taught  for  some  time  that,  in  the  Cat's 
stomach  at  any  rate,  this  surface  is  lined  by  ordinary  columnar 
cells  similar  to  those  of  the  intestine.  In  the  Hedgehog  these 
long  columnar  cells  are  very  conspicuous,  especially  at  the 
pyloric  end,  where  they  may  even  extend  some  little  way  into 
the  ducts.  They  are  of  the  usual  t}rpe,  larger  than  the  mucigen- 
producing  cells,  exhibit  a  clear  though  narrow  striated  hem,  a 
protoplasm  with  a  fine  network  staining  orange  with  benzo- 
purpurine  B,  and  a  large  oval  nucleus  placed  near  the  centre  of 
the  cell  (PI.  IV.  fig.  4,/).  It  is  no  doubt  through  these  cells 
that  absorption  takes  place  in  the  stomach. 

The  connective  tissue  of  the  mucous  membrane  is  adenoid  in 
type ;  an  occasional  solitary  gland  may  be  found  in  it.  The 
muscularis  mucosae  appears  to  be  arranged  in  two  instead  of 
three  layers,  as  in  most  other  animals ;  it  is  continuous  at  the 
oesophageal  end  with  that  of  that  organ,  and  at  the  pyloric, 

^  Text-hook  of  Physiology,  London,  1890. 

»  Atlas  of  Histology,  1880.  «  Text-book  qf  JPkynology. 
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at  iotervals,  with  the  inner  mnscular  coat  of  the  stomach,  as 
well  as  with  the  muscularis  mucosae  of  the  duodenum  (PL  V. 
fig.  4,  ffi  m\ 

The  submucous  coat  consists  of  ordinary  fibrous  tissue,  denser 
near  the  mucous,  but  looser  near  the  muscular  coat;  it  is  not  nearly 
80  thick  as  either  of  the  other  coats,  except  in  the  folds,  where 
it  attains  to  a  considerable  thickness.  The  fibres  are  such  as 
are  found  usually  in  ordinary  connective  tissue,  imbedded  in  a 
matrix,  but  the  cells,  of  which  six  kinds  may  be  made  out, 
require  special  attention : — 

1.  Ordinary  plate- like  connective  tissue  corpuscles,  with  a  large 
oval  nucleus,  that  stains  conspicuously  of  a  pale  lilac  colour  with 
acid  hematoxylin,  the  plate-like  part  of  the  cell  hardly  staining 
at  alL  These  cells  are  by  far  the  most  numerous,  and  may 
often  be  seen  clasping  the  fibres  (PI.  IV.  fig.  3,  a). 

2.  A  plate-like  cell,  slightly  smaller  than  the  above,  with  a 
conspicuous  oval  nucleus;  the  plate-like  expansion  is  finely- 
granular  in  appearance,  stains  orange  with  benzo-purpurine  B. 
They  are  far  less  numerous  than  the  ordinary  connective  tissue 
corpuscles,  but  may  sometimes  be  seen  clasping  the  fibres 
(PL  IV.  fig.  8,  h). 

3.  Plate-like  cells,  very  few  in  number,  smaller  than  the  last, 
but  like  them  faintly-granular,  the  plate-like  expansion  staining 
&intly  with  acid  haematoxylin.  The  nucleus  of  these  cells  is 
smaller  and  more  rounded  than  those  of  the  other  two  (PL  IV. 
fig.  3,  c). 

4.  Plasma  cells.  Coarsely-granular  corpuscles  of  irregular 
shape,  with  a  small  oval  or  rounded  nucleus,  staining  of  a  faint 
blue  colour  with  acid  haematoxylin,  and  with  a  protoplasm 
thickly  studded  with  large  granules  that  stain  deeply  violet 
with  the  same  dye ;  there  are  very  few  of  these  cells  (PL  IV. 

fig.  3,  d). 

5.  Wandering  cells.  Small  rounded  cells,  like  white-blood 
corpuscles,  with  two  or  more  nuclei,  often  bi-lobed ;  the  cell  sub- 
stance stains  deeply  yellow  with  benzo-pui*purine  B  (PL  IV. 
fig.  3,  e).  In  some  cases  these  cells  are  very  numerous,  in  others 
they  only  occur  here  and  there. 

6.  In  the  neighbourhood  of  solitary  glands,  when  these  exist, 
both  varieties  of  the  small  nucleated  cells,  characteristic  of 
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l}niiph  follicular  tissue,  may  be  seen,  with  their  round  nuclei 
deeply  stained  with  acid  hsBmatoxylin. 

Heidenhain  ^  has  described  cells  1,  4,  5,  and  6  as  occurring 
in  the  connective  tissue  of  the  intestine,  but  does  not  mention 
2  and  3. 

The  Muscular  Coat  consists  of  two  layers  of  non-striped 
muscle,  the  inner  of  which  is  circular  and  thick,  whilst  the  outer 
is  oblique  and  thin.  The  inner  coat  is  slightly  thickened  at 
the  cardiac  end  to  form  a  cardiac  sphincter ;  but  the  sphincter 
action  is  here,  no  doubt,  chiefly  brought  about  by  the  greatly 
thickened  muscularis  mucosae  of  the  oesophagus.  At  the  pyloric 
end,  where  the  coat  is  very  thick,  the  circularly-placed  muscle* 
fibres  are  raised  into  a  thick  sphincter  for  the  stomach  (PL 
V.  fig.  4,  ps);  they  fuse  more  or  less  with  the  fibres  of  the 
outer  coat,  and  are  prolonged  up,  as  a  thin  septum  of  muscle, 
through  the  submucous  coat  to  the  muscularis  mucosae  (PI.  V. 
fig.  4,  7n  m),  with  which  they  now  and  again  become  continuoua 
In  this  way  both  inner  and  outer  coats  participate  in  the 
formation  of  the  pyloric  sphincter.  This  projection  has  a 
straight  wall-like  surface  towards  the  duodenum,  but  slopes 
down  in  a  gentle  curve  on  the  stomach  side. 

During  hibernation  the  whole  organ  stains  less  readily  than 
in  summer ;  this  is  most  noticeable  in  the  peripheral  cells  of  the 
cardiac  glands,  which  during  activity  have  a  very  great  affinity  for 
acid  anilins,  but  during  the  winter  hardly  stain  at  all,  thereby 
appearing  to  have  diminished  in  number ;  they  are  of  smaller 
size  and  appear  more  granular.  The  cells  lining  the  ducts  are 
larger,  more  distended  and  clear,  their  contents  stain  more 
readily  with  acid  hsematoxylin,  and  their  nuclei  are  pushed  quite 
down  to  their  attached  ends  (PL  IV.  fig.  4,  a  b).  This  deeper 
stain  is  probably  produced  by  the  accumulation  of  mucigen  in 
the  cells,  owing  to  their  sluggishness ;  in  summer  the  mucigen, 
being  more  rapidly  discharged,  will  not  accumulate  sufficiently 
to  cause  the  cells  to  stain  deeply.  Many  of  the  columnar  cells 
of  the  general  surface  also  appear  to  lose  their  clear  hem,  and 
become  filled  with  mucigen  during  winter. 

The  surface  of  the  stomach  is  covered  by  a  thin  layer  of 
mucus,  containing  debris  of  epithelial  cells,  resulting  from  the 

^  PflUger's  Arehiv,  bd.  xliii..  Supplement. 
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nataral  death-rate  of  the  tissue ;  in  summer  this  layer  of  mucus 
18  either  very  thin  or  absent  altogether.  I  have  never  at  any 
time  seen  the  thick  layer  of  mucus  and  other  material  men- 
tioned by  Valentin  ^  as  occurring  commonly  in  the  stomachs  of 
Marmots  during  the  first  half  of  hibernation. 

The  moet  remarkable  change  in  the  stomach  resulting  from 
winter  sleep  in  these  animals  is  seen  in  the  connective  tissue 
both  of  the  mucous  and  submucous  coats.  It  consists  in  an 
extraordinary  increase  in  the  number  of  wandering  cells,  which 
may  be  seen  lying  in  little  linear  groups  of  threes  and  fours 
between  the  fibres  of  the  connective  tissue.  The  whole  tissue 
is  crowded  with  them,  giving  it  a  peculiar  appearance.  In  some 
situations  near  the  larger  blood-vessels  these  cells  are  so  numer* 
ous  and  so  closely  packed  together  as  to  give  rise  to  a  mass  of 
cells  not  unlike  a  solitary  gland,  but  distinguishable  from  it  by 
the  larger  size  of  the  cells  and  the  affinity  which  they  exhibit 
for  various  acid  aniline  dyes.  It  is  evident  from  their  behaviour 
to  staining  agents,  from  their  close  relations  with  the  blood- 
vessels, and  from  their  histological  characteristics,  that  these  cells 
are  merely  migrated  white*blood  corpuscles.  They  are  mostly 
round  or  oval  in  shape,  usually  exhibit  two  well-marked  nuclei, 
each  with  a  nucleolus,  which  stains  deeply  with  acid  hsematoxylin* 

That  these  cells  are  not  identical  with  those  of  the  Ijrmph 
follictilar  tissue  is  evident  from  their  larger  size,  and  from  the 
(act  that  the  cells  of  lymph  follicular  tissue  appear  to  be  unaf- 
fected by  acid  anilins,  in  cases  when  they  stain  at  all  seeming 
to  prefer  the  heematoxylin.  Their  nuclei,  which  are  always 
conspicuous,  filling  as  they  do  almost  the  whole  cell,  stain 
uniformly  with  haematoxylin  or  with  iodine  green,  and  other 
similar  staining  agents. 

The  wandering  cells  vary  in  size,  and  contain  either  a  single 
nucleus  with  a  nucleolus  or  a  pair  of  nucleoli.  The  nucleus 
varies  in  shape,  just  as  those  of  white-blood  corpuscles  do, 
There  may  be  two  or  three  or  rarely  more  nuclei  in  each  cell. 
Lastly,  some  appear  to  undergo  division  in  the  tissuesL 

These  migrated  cells  may  be  met  with  in  various  situations : — 
(1)  Id  the  submucous  coat,  where  they  are  very  abundant, 

'"Beitnfige  mr  Eeimtiiiss  dea  Winterachlafes  der  Mtirm6lthiere,"ifo2Mc^(^ 
UtUenuchunfftn,  bd.  ii  p.  1. 
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usually  placed  in  rows  or  groups,  often  in  the  immediate  vicinity 
of  blood-vessels.  (2)  In  the  mucous  connective  tissue  beneath 
the  closed  ends  of  the  cardiac  glands,  where  they  are  numerous, 
but  scattered  singly  (PI.  V.  fig.  3,  e).  (Although  the  tissue 
between  the  glands  is  adenoid  in  character  as  in  other  mammals, 
that  around  and  between  their  closed  ends  and  the  muscularis 
mucosse  is  mucoid,  consisting  of  a  homogeneous  matrix,  in  which 
are  a  few  fibres  and  cells.  This  arrangement  is  seen  all  along 
the  alimentary  canal  of  the  Hedgehog,  wherein  it  differs  from 
that  of  most  other  warm-blooded  animals.)  (3)  In  the  adenoid 
tissue  between  the  glands,  some  reaching  up  to  the  lower  ends 
of  the  epithelial  cells  lining  the  surfiEtce  of  the  organ.  (4)  In  a 
few  other  localities,  where  they  occur  in  small  numbers,  as  in 
the  lymph  follicular  tissue  of  solitary  glands,  &c. 

This  great  migration  of  white-blood  corpuscles  from  the 
blood-vessels  occurs  at  the  very  commencement  of  hibernation, 
just  at  the  time  when  the  temperature  of  the  animal  is  be- 
ginning to  decrease.  That  they  come  from  the  blood  rather 
than  from  the  proliferation  of  connective  tissue  cells  is  borne 
out  by  the  fact,  that  up  to  this  period  there  are  from  18,000  to 
20,000  white  corpuscles  per  cubic  millimetre  of  blood,  which 
number  falls  suddenly  at  the  very  commencement  of  winter 
sleep  to  1000,  2000,  or  3000  in  the  same  volume ;  whereas  the 
red  corpuscles  show,  if  anything,  rather  an  increase  in  number. 

Can  any  cause  be  assigned  for  such  a  curious  phenomenon  ? 

It  has  recently  been  pointed  out  by  Bouchard^  that  if  the 
temperature  of  a  warm-blooded  animal  be  artificially  lowered, 
the  micro-organisms  normally  present  in  the  intestine*  pasa 
through  the  lining  epithelium  and  invade  the  blood.  This 
being  the  case,  it  is  admissible  to  suppose  that  each  succeeding 
year  hibernating  animals  would  run  a  serious  risk  of  infection 
during  the  initial  stages  of  hibernation  by  the  penetration  of 
the  bacteria  in  their  alimentary  canals  through  into  the  tissues. 
How  long  this  risk  may  last  would  be  diflBcult  to  say.  Certainly 
during  the  first  few  days  of  the  cooling  process  the  risk  would 
be  very  great,  but  after  their  temperature  has  fallen  some  con- 
siderable amount  the  risk  would  gradually  become  less  and  less, 

^  "  Essai  d'ane  throne  de  rinfection,'*  Proceedings  of  the  lOlh  Medical  Congress, 
Berlin,  1890. 
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for,  as  Professor  M*Fadyean  pointed  out  to  me,  it  is  probable 
that  loss  of  beat  by  the  animal  would,  when  great,  rather  tend 
to  prevent  than  to  facilitate  the  passage  of  micro-organisms  into 
the  tissnes.  As  soon  as  the  bacteria  begin  to  penetrate,  chemo- 
taxis  will  oome  into  play,  the  leucocytes,  rushing  towards  the 
banquet  prepared  for  them,  will  leave  the  vessels,  pass  up  to 
the  attacked  parts,  and  feed  upon  the  invading  organisms,  as, 
from  MetchnikofiTs  researches,  they  are  known  to  do,  thereby 
saving  the  animal  from  disease  and  possibly  death.  This  seems 
to  me  to  be  a  strong  case  in  the  support  of  the  phagocyte  as 
opposed  to  the  humeral  theory,  as,  were  the  body-juices  sufficient 
to  destroy  the  invading  germs,  no  such  sudden  rush  of  micro- 
phages  would  probably  occur  at  the  exact  period  of  invasion. 
The  macrophages  found  in  such  large  numbers  in  various  organs, 
lymph  glands  for  example,  during  the  whole  period  of  hiberna- 
tion, would  be  sufficient  agents  for  the  removal  of  the  dead,  but 
that  is  not  what  we  find;  on  the  contrary,  a  sudden  attack 
requires  as  surely  a  powerful  and  rapid  defence,  or  the  organism 
would  succumb,  and  that  defence  is  provided  by  the  vast  army 
of  microphages  that  fly  to  defeat  the  enemy  along  the  whole 
line  of  attack,  which  extends  from  the  cardiac  orifice  of  the 
stomach  to  the  beginning  of  the  rectum.  And  these  localities 
are  precisely  where  we  find  the  wandering  cells ;  for  not  only  are 
they  present  at  this  period  in  the  stomach,  but  occur  in  vast 
hordes  all  along  the  alimentary  canal,  and  in  the  connective 
tissue  round  the  bile  and  pancreatic  ducts. 

Further,  this  migration  soon  stops,  and  the  blood  ceases  to 
become  poorer  in  white  corpuscles  as  the  cooling  process  goes 
on — ^that  is,  as  before  pointed  out,  after  the  animal  has  become 
too  much  cooled  to  favour  the  invasion  of  its  tissues  by  micro- 
organisms ;  and  we  find  also,  that  soon  after  the  cessation  of  the 
migration,  the  wandering  cells  begin  to  degenerate,  giving  with 
eosine  and  iodine  green  staining  the  typical  degenerative  reac- 
tion pointed  out  by  Heidenhain.  Eventually  they  break  down 
altogether,  and  are  slowly  removed  by  macrophages.  It  comes 
also  to  be  a  question  whether  all  the  intestinal  micro-organisms 
may  not  he  destroyed  at  this  time  in  this  way — that  is,  whether 
or  no  the  alimentary  canals  of  hibernating  animals  are  free  from 
bacteria  during  the  whole  period  of  winter  sleep,  or  whether 
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these  organisme,  cooled  along  with  the  body,  remaiQ  very  slaggish 
or  quite  inactive  during  the  winter  months.  Their  free  develop- 
ment, if  it  occurs,  would  also,  in  the  intestines,  be  materially 
retarded,  no  doubt,  by  the  constant  passage  of  bile,  which  is 
being  continually  secreted  in  small  quantities  during  the  whole 
period  of  winter  sleep.  This  is  a  question  the  solution  of  which 
I  have  been  unable  as  yet  to  attempt. 

Steadily,  though  very  slowly,  the  blood  regains  its  normal 
number  of  colourless  corpuscles,  derived,  no  doubt,  from  the 
germinal  centres  of  the  lymph-glands,  spleen,  and  other  masses 
of  lymph  follicular  tissue,  and  from  the  marrow,  in  which  karyo- 
kenetic  division  may  be  seen  slowly  going  on  during  the  whole 
period  of  hibernation. 

Another  remarkable  point  is  the  almost  total  absence  of 
plasma  cells  below  the  oesophagus ;  for,  as  already  pointed  out, 
they  are  few  in  summer,  and  almost  entirely  absent  in  winter ; 
whereaa,  in  the  tongue  especially,  and  in  the  oesophagus,  they 
are  very  numerous.  If  they  are  overfed  cells,  as  they  would 
appear  to  be,  one  would  have  expected  to  find  them  more 
numerous  in  the  stomach  and  intestines  than  elsewhere.  In 
the  mesentery,  however,  along  the  lacteals,  they  are  very 
numerous. 

l}iwdenum, — This  part  of  the  alimentary  canal  is  of  no  very 
great  extent  in  the  Hedgehog ;  its  submucous  coat  is  devoid  of 
Brunner's  glands  throughout  its  greater  portion,  these  being 
confined  to  the  immediate  neighbourhood  of  the  stomach.  In 
longitudinal  section  their  acini  appear  in  a  wedge-shaped  mass, 
8  millimetres  in  length,  with  its  base  at  the  pylorus,  and  its 
apex  directed  towards  the  small  intestine.  Brunner's  glands  are 
therefore  arranged  in  the  form  of  a  truncated  cone  ensheathing 
the  mucous  membrane  of  the  duodenum,  and  greatly  increasing 
the  thickness  of  its  walls.  The  villi  are  smaller  and  less 
numerous,  and  Lieherkuhn's  follicles  shorter  than  in  the  jejununL 
The  transition  between  the  mucous  membrane  of  the  stomach 
and  that  of  the  duodenum  is  somewhat  abrupt  (PL  V.  fig.  4) ; 
the  muscularis  mucosae  arranged  in  a  single  layer  only  sends 
short  processes  downwards  between  Brunner's  glanda  The 
tissue  between  it  and  the  closed  ends  of  LieherktLhn's  follicles 
is  adenoid,  not  mucous,  as  in 'the  stomach  and  intestines,  this 
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mncons  connective  tissue  only  beginning  some  little  distance 
beyond  the  last  of  Brunner's  glands. 

The  submucous  coat  of  the  duodenum  is  very  thick  near  the 
stomach  (3*7  mm.),  from  which  it  is  separated,  except  jnst 
under  the  muscularis  mucosie,  by  the  pyloric  sphincter;  it 
gradually  becomes  thinner  as  we  recede  from  that  organ,  being 
only  0*9  mm.  in  thickness  at  the  narrow  end  of  Brunner's 
glands,  and  gradually  passing  into  that  of  the  small  intestine, 
becomes  of  the  same  size  as  in  that  organ,  i.e.,  0*3  mm.  in 
vertical  extension. 

The  secreting  cells  of  Brunner's  glands  very  closely  resemble 
those  of  the  pyloric  glands  of  the  stomach,  with  which  they  are, 
according  to  Foster,^  directly  continuous.  The  cells  stain  pale 
blue  with  acid  haematoxylio,  the  protoplasmic  net-work  orange 
yellow  with  benzo-purpurine,  wherein  they  dififer  consider- 
ably from  the  central  cells  of  the  cardiac  glands. 

The  inner  muscular  coat,  the  fibres  of  which  are  directly 
eontinuous  with  those  of  the  pyloric  sphincter,  has  a  very  irregu- 
lar outline  internally,  as  it  sends  prolongations  up  between  the 
lobes  of  Brunner's  glands,  which  are  separated  from  it  ooly  by 
the  basement  membrane,  causing  it  to  vary  in  thickness  con- 
siderably at  short  intervals,  and  to  assume  a  wavy  appearance 
on  section  (PI.  V.  fig.  4,  c  m). 

The  outer  layer  is  very  thin,  0'02  mnt  in  thickness,  its  fibres 
are  longLtudioal  in  direction,  and  directly  continuous  with  that 
part  of  the  outer  muscle  layer  of  the  stomach  that  does  not 
eater  into  the  formation  of  the  pyloric  sphincter  (PL  V. 
fig.  4, 1  m). 

At  the  junction  of  the  muscular  coat  of  the  duodenum  with 
that  of  the  stomach  a  triangular  space  is  left,  which  extends 
quite  round  it,  and  contains  an  artery  and  a  vein,  embedded  in 
a  little  loose  connective  tissue,  and  which  have  a  circular  course 
round  the  junction  (PL  V.  fig.  4,  bv).  During  hibernation  the 
cells  of  Brunner's  glands  exhibit  slight  changes  consequent 
upon  their  resting  condition. 

SmaU  Intestine, — The  intestine  of  the  Hedgehog  is  a  thin 
narrow  tube  about  five  feet  in  length,  which,  though  of  some 
thickness  near  the  pylorus,  that  is,  in  the  part  which  contains 

^  Text-hook  qf  Fhymlogy,  London,  1890. 
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Brunaer's  glands,  quickly  narrows  down  into  a  tube  of  uniform 
calibre  to  near  the  anus,  where  it  again  widens  out  a  little. 
Except  in  the  duodenum,  the  thickness  of  its  walls  rarely 
exceeds  2  millimetres ;  of  this  the  mucous  membrane  con- 
tributes I'l  mm.,  the  submucous  coat  0*1  mm.  to  0*2  mm., 
and  the  muscular  0*25  mm.  to  0'40  mm. 

When  the  intestine  is  looked  at  from  within,  it  presents  a 
uniform  granular  appearance,  there  being  no  valvulae  conniveates 
in  it;  even  in  sections  the  mucous  membrane  is  seen  to  be 
hardly  convoluted  at  all,  but  presents  numerous  leaf-like 
villi,  between  which  are  numerous  Lieberkiihn's  glands.  The 
membrane  is  limited  externally  by  a  muscularis  mucosae,  which 
is  usually  in  a  single  layer. 

The  Villi. — The  Villi  are  leaf -like  (Klein  ^),  having  a  broad 
flattened  body  supported  on  a  long  narrow  stalk.     The  length  of 
the  villus  varies  in   different  specimens  from   10  mm.  to  1'8 
mm.,  the  average   being  about  1*5  mm.;   the   breadth  in  the 
widest  part  of  the  body  is  about  01  mm.     The  columnar  cells 
covering  the  villus  are  of  the  ordinary  type,  and  among  them 
are  numerous  chalice  cells  with  very  long  stalks,  in  which  are 
situated  wedge-shaped  nuclei,  that  differ  in  staining  properties 
from  the  nuclei  of  ordinary  columnar  cells,  inasmuch  as,  in  pre- 
parations treated  with  borax-carmine,  hsematoxylin,  and  eosine, 
they  keep  the  red  carmine  stain,  which  is  driven  from  the  nuclei 
of  other  cells  by  the  hsematoxylin. 

Between  the  attached  ends  of  the  cells  are  many  replacement 
and  a  considerable  number  of  wandering  cells.  The  adenoid 
reticulum  of  the  villus  is  of  the  usual  type  and  arrangement ; 
possibly  it  may  resemble  that  of  the  lymph  glands  in  consisting 
of  connective  tissue  strands  with  clasping  cells,  rather  than  of  a 
reticulum  of  branching  cells ;  it  produces  a  cribriform  basement 
membrane  for  the  epithelium,  between  the  cells  of  which  it 
sends  delicate  prolongations,  to  be  lost  in  the  cement  substance 
(Watney,  Klein,^  and  others). 

In  the  centre  of  the  villus,  and  reaching  almost  to  its  free 
extremity,  is,  as  a  rule,  a  single  lacteal  vessel,  and  not  a  rich 
plexus  as  described  by  M'William,*  who,  however,  now  believes 

^  Atlas  of  Histology t  London  1880.  '  Ibid. 

'  Transactions  of  British  Assodationj  1885,  p.  1078. 
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this  to  have  been  an  abnormal  distribubion,  as  he  has  never 
seen  it  since. 

The  lacteal  is  a  wide  l}naiphatic  vessel  situated  in  the  centre 
of  the  villus,  expanding  at  its  free  end  into  a  rounded  knob ;  it 
is  lined  by  endothelial  cells,  the  nuclei  of  which  are  often 
visible.  If  the  tube  be  trekcad  outwards  it  is  seen  to  become 
extremely  thin  at  the  neck  of  the  villus,  and  remain  of  this 
small  size  until,  after  a  slightly  sinuous  course,  it  pierces 
obliquely  the  muscularis  mucosse,  and  opens  into  a  wide 
lymphatic  vessel  in  the  submucous  coat  (PL  VI.  fig.  1).  There 
appear  to  be  no  valves  to  prevent  regurgitation  taking  place  in 
this  tube,  but  its  obliquity,  its  tenuity,  and  the  slanting  direction 
it  takes  in  passing  through  the  muscularis  mucosas,  are  no 
doubt  sufficient  to  prevent  any  backward  flow,  especially  as 
contraction  of  the  muscularis  mucosae,  as  a  whole,  would  tend  to 
close  the  tube  at  the  same  time  as  it  shortens  the  villus ;  for,  as 
Foster^  points  out,  ''when  the  muscular  fibres  contract  they 
shorten  the  villus ;  in  thus  becoming  shorter,  the  body  of  the 
villus  becomes  proportionally  broader,  since  probably  no  great 
change  of  bulk  in  the  reticulum  takes  place ;  in  this  broadening, 
the  part  to  give  way  will  be  the  lacteal  vessel,  which,  thus  made 
broader  and  larger,  becomes  filled  with  chyle;  when  the 
muscular  fibres  relax,  the  reticulum,  the  bars  of  which  have 
been  put  on  the  stretch  in  a  lateral  direction,  by  elastic  reaction 
brings  back  the  villus  to  its  former  length,  and  the  lacteal 
channel  elongates,  becomes  narrower,  and  has  its  contents  ex- 
pelled." If  this  be  true,  then  we  can  readily  imagine  how  such 
an  arrangement  as  that  figured  on  Plate  VI.  fig.  1,  would  act. 
Every  time  the  muscles  contracted,  the  tube  would  be  con- 
stricted below,  preventing  regurgitation ;  but  dilated  above,  and 
at  each  relaxation,  the  opening  below  being  again  patent,  would 
allow  of  the  ready  passage  of  the  chyle  into  the  submucous 
lymphatic. 

Each  villus  possesses  one  main  arteriole,  that  springs  from  the 
submucous  coat,  pierces  the  muscularis  mucosae,  and  breaks  up 
into  capillaries  just  above  the  narrow  stalk.  Lieberktihn's 
follicles  are  0*3  mm.  to  0*6  mm.  in  length ;  the  epithelial  cells 
lining  them  diflfer  somewhat  from  those  covering  the  villi ;  they 

^  Text-hook  of  Physiology t  London,  1890. 
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are  shorter,  narrower,  clearer  ia  appearance,  and  posseBS  a  much 
more  oval  nucleus,  which  is  situated  quite  near  their  attached 
ends ;  the  hem,  though  present,  is  very  thin,  and  the  protoplas- 
mic network  of  the  cells  more  open  (PI.  lY.  fig.  5,  b).  During  the 
active  condition  both  sorts  of  cells  stain  yellow  with  benzo- 
purpurine  B,  but  during  the  resting  condition  the  difference 
between  them  is  very  conspicuous,  the  cells  of  the  follicles 
acquiring  only  a  faint  yellow  tint,  whilst  those  of  the  villi 
stain  deeply  (PI.  lY.  fig.  5).  The  cells  covering  the  surface  of 
the  intestine  between  the  open  ends  of  LieberkUhn's  glands 
resemble  those  covering  the  body  of  the  villus,  whilst  those 
covering  the  stalk  of  the  latter  resemble  those  of  Lieberkiihn's 
crypts,  and  a  transition  which  is  somewhat  gradual  may  be 
seen  between  them. 

The  tissue  between  the  ciypts  of  Lieberklihn  is  adenoid, 
and  presents  the  same  characters  as  that  in  the  villi ;  it  con- 
tains a  few  blood- vessel&  The  closed  ends  of  the  follicles  are 
separated  from  the  muscularis  mucossB  by  some  considerable 
amount  of  tissue,  which  is  not  adenoid  but  mucoid  in  character, 
similar  to  that  of  the  stomach  already  aJluded  to ;  it  con- 
sists of  a  gelanimous  matrix  containing  fibres  and  cells,  the 
spindle-shaped  nuclei  of  which  might  come  to  be  mistaken  for 
those  of  non-striped  muscle,  but  the  tissue  is  readily  dis- 
tinguished from  muscle  by  its  reaction  with  various  dyes,  as 
for  example  with  picro-carmine  it  stains  deeply  pink  like  con- 
nective tissue,  and  not  at  all  brownish,  like  muscle. 

This  tissue  passes  up  some  little  distance  between  the  closed 
ends  of  the  follicles  and  into  the  stalks  of  the  villi,  where  it 
soon  merges  into  an  adenoid  network. 

Muscularia  raucosce  consists  of  a  single  layer  of  longita- 
dinally  placed  plain  muscle  fibres.  The  submucous  coat  is  0*1 
mm.  to  0*3  mm.  in  thickness,  and  consists  of  a  dense  connective 
tissue,  the  fibres  of  which  have  a  tendency  to  be  vertically 
placed,  many  of  them  piercing  the  muscularis  mucosee  along 
with  the  blood  and  lacteal  vessela  Many  connective  tissue  cells 
and  some  lymph  corpuscles,  resembling  in  every  respect  those 
described  in  the  stomach,  may  be  found  in  it 

There  are  numerous  solitary  glands  in  the  intestines,  both  in 
the  mucous  and  submucous  coats.     They  consist  in  masses  of 
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Ijmph  corpuscles  sitnated  amoogst  the  connective  tissue,  un- 
SQpported  by  adenoid  reticulum.  They  present  no  capsule  and 
no  true  lymph  sinus  round  them,  but  have  a  diffuse  margin, 
the  corpuscles  gradually  diminishing  in  numbers  towards  the 
surface.  If  the  development  of  such  a  gland  in  the  submucous 
coat  be  studied,  it  is  seen  to  spring  from  a  few  lymph  corpuscles, 
which  by  repeated  division  push  aside  the  strands  of  connec- 
tive tissue  amongst  which  they  lie,  thus  producing  a  conden- 
sation of  them  into  a  pseudo  capsule,  which  is  wanting 
laterally ;  by  further  increase  they  press  upon  the  muscularis 
mucosae^  and  produce  absorption  of  its  muscle  fibres. 
When  the  gland  springs  in  the  mucous  membrane  a  similar 
result  is  obtained,  only  the  adenoid  tissue  appears  much  more 
difficult  to  push  out  of  the  way,  a  few  strands  and  cells  always 
remaining  among  the  lymph  corpuscles,  simulating  an  adenoid 
reticulum,  and  producing  a  pseudo  capsule.  Blood-vessels 
grow  inwards  into  the  gland,  and  their  collapsed  wall  might 
possibly  be  mistaken  for  strands  of  a  reticulum. 

Their  structure  corresponds  therefore  with  that  of  similar 
bodies  in  other  mammals,  as  taught  by  Prof.  Rutherford  now 
for  several  years. 

The  muscular  coat,  015  mm.  to  0*4  mm.,  with  an  average  of 
0*3  mm.  in  thickness,  consists  of  two  layers  of  plain  muscle 
fibres.  The  inner  circular  coat  is  0*2  mm.  in  thickness,  is  the 
thicker  of  the  two ;  it  often  exhibits  near  the  submucous  coat 
a  semi-detached  denser  band,  a  few  cells  thick,  separated  from 
the  general  bulk  by  a  little  loose  connective  tissue.  The  outer 
longitudinal  coat  is  about  0*1  mm.  in  thicknesa 

In  transverse  section  the  muscle  cells  have  a  slightly 
cranated  outline,  the  projections  being,  however,  very  slight 
and  almost  imperceptible ;  they  are  also  much  fewer  in  number 
than  those  described  in  the  cat  by  Barfurth.^  Of  the  changes 
occurring  during  hibernation,  the  most  obvious  takes  place 
in  Lieberklihn's  follicles,  the  cells  of  which  become  very  clear, 
and  stain  hardly  at  all  with  benzo-pupurine  B,  whilst  those 
of  the  villi  stain  deeply  with  this  dye,  and  appear  much  more 
granular.  The  chalice  cells  seem  to  increase  in  numberi 
possibly  owing  to  more  cells  being  filled  with  mucigen;  for 

^  Arf^.f,  Mikroa.  AncU,,  bd.  88,  p.  38. 
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during  winter  their  activity,  like  that  of  the  body  generally^ 
will  have  decreased,  the  cells  will  discharge  their  contents  less 
frequently,  and  hence  the  clear  cells  will  appear  more  numerous, 
though  in  reality  there  probably  is  about  the  same  number 
of  those  cells  all  through  the  year.  This  slowness  of  secretion 
in  the  mucin-forming  cell  is  also  demonstrated  by  the  absence 
of  mucin  from  the  lumena  of  Lieberklihn's  glands,  and  from 
the  general  surface  of  the  villi,  though  Valentin^  has  said 
that  the  small  intestine  is  lined  by  a  skin  of  mucus  during 
hibernation,  of  which  I  have  failed  to  find  a  trace. 

By  far  the  most  important  change  is  the  great  migration 
of  white*blood  corpuscles  into  the  tissues  that  occurs  at  the 
onset  of  hibernation,  the  significance  of  which  has  already 
been  fully  discussed. 

Large  Intestine. — ^The  passage  of  the  small  into  the  large 
intestine  appears  to  the  unaided  eye  somewhat  abrupt,  as 
pointed  out  by  M'William,^  the  hitherto  smooth  mucous 
surface  suddenly  presenting  transverse  folds  that  rapidly  in- 
crease in  size  and  number;  they  are  the  valvulse  conniventes 
of  the  colon,  which  is  of  scarcely  larger  calibre  than  the 
rest  of  the  intestine;  there  is  a  complete  absence  of  ileo- 
colic valve  and  csBcum.  With  the  microscope  the  transition 
is  seen  to  be  less  sudden,  the  muscularis  mucosae  gradually 
becomes  increased  in  thickness;  elevations  at  first  slight,  in- 
creasing little  by  little  in  size,  make  their  appearance,  and 
by  insensible  stages  pass  into  the  valvulae  conniventes  of 
the  large  intestine;  they  are  at  first  covered  by  somewhat 
tall  villi,  between  the  attached  ends  of  which  are  short 
Lieberktihn's  follicles ;  these  villi  gradually  shorten,  and  at  last 
disappear,  whilst  the  follicles  elongate,  and  by  insensible  stages 
merge  into  those  of  the  colon.  Whilst  these  changes  are  going 
on  in  the  villi,  the  mucous  connective  tissue  between  the  closed 
ends  of  Lieberkiihn's  follicles  and  the  muscularis  mucosae  is 
becoming  less  and  less  visible,  till  in  the  large  intestine  it  is 
reduced  to  a  minimum,  the  closed  ends  of  the  follicles  reaching 
down  to  and  almost  touching  the  muscularis  mucosse.  Chalice 
cells  also  increase  in  number  as  the  colon  is  approached.    As 

^  MoleschoUs  VrUersuchuTigen,  passim. 

*  Transactions  of  BritUh  Associaiion,  1885,  p.  1078. 
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ID  the  Cat,  &a,  the  outer  muscalar  layer  forms  a  complete  coat 
The  rectQm  requires  no  special  notice. 

I  gladly  take  the  present  opportunity  of  thanking  Profensor 
Ratherford  for  his  kindness  and  counsel,  which  have  been  un- 
&iling,  throughout  this  researcL 

Part  IL  The  Liyeb. 

The  liver  of  the  Hedgehog  differs  only  slightly  in  structure 
from   the  usual   type ;  the  lobules  are  small,  ill-defined,  with 
well-marked  radiating  columns  of  cells,  giving  them  the  appear- 
ance of  many- rayed  stars.    The  cells  are  small,  of  the  ordinary 
shape  and    appearance,  and   possess  a  well-marked   envelope, 
which  can  be  seen  to  the  best  advantage  in  preparation  that 
exhibits  slight  shrinkage  (PL  VL  fig.  5,  a);  each  cell  contains 
either  one  or  sometimes  two  well-marked  nuclei,  in  which  are 
one  or  more  nucleoli.     Those  cells  situated  immediately  under 
the  capsule  and  around  the  blood-vessels,  are  peculiar  in  possess- 
ing one  or  two  thick,  short,  blunt  processes,  by  which  they  are 
firmly  attached  to  the  gelatinous  connective  tissue  of  the  veins ; 
in  section  they  have  a  toothed  appearance   and  are  best  seen 
round  the  large  lumena  of  the  branches  of  the  hepatic  vein, 
(PI.  VI.  fig.  4s).    The  bile  ducts  present  the  usual  divisions  and 
structure,  the  intermediate  ducts  being  long  and  rather  con- 
spicuous as  in  the  Rabbit  and  Guineapig  (Klein  ^);  there  is  no 
basement  membrane  between  the  lining  epithelium  and  the  sub- 
jacent connective  tissue.  No  plasma  cells  are  present  in  the  organ. 
During  hibernation   the   cells  of   the  liver  present   in  the 
meshes  of  the  intra-cellular  network  numerous  golden-yellow 
granules,  which  in  unstained  preparations  appear  grouped  into 
a  broEtd  pigmented  band,  running  down  the  centre  of  a  column 
of  liver  cells,  the  edges  of  the   column  appearing  free  from 
granules  (PL  VI.  fig.  2).     If  stained  sections  be  examined  it  will 
be  seen  that  each  column  consists  not  of  a  single  row  of  cells 
end  to  end,  but  of  a  mass  of  cells  arranged  round  a  minute 
channel,  the  bile  capillary,  and  that  the  pigment  is  placed  in 
that  part  of  the  cells  nearest  the  channel,  ready,  it  would  seem, 
to  be  passed  into  it  by  their  active  secretion.     Granules  of  this 

^  Atlas  of  Histology f  London,  1880. 


108  DR  E.  W.  CARLIEB. 

pigment  are  found  scattered  throughout  the  whole  protoplasi 
but  are  not  numerous  in  that  part  of  the  cells  turned  towards 
the  blood  capillaries  (PL  VI.  fig.  2). 

The  granules  are  insoluble  in  chromic  salts,  water,  methy* 
la  ted  spirit,  absolute  alcohol,  ether,  chloroform,  and  balsam,  do 
not  blacken  with  sulphide  of  ammonium  or  Barrett's  reagen  b, 
and  appear  to  give  no  spectrum  with  the  micro-spectroscope  ; 
they  therefore  do  not  contain  iron,  though  it  is  difficult  not  to 
associate  them  with  blood   pigment  or  bile  pigment,  or  witli 
both.     A  similar  pigment,  in  which  iron  is  however  present,  is 
found  in  the  blood  capillaries,  scattered  here  and  there  in  little 
massea     Quincke^  says  that  the  capillaries  of  the  liver  contaijii 
white-blood  corpuscles  with  iron-holding  granules  of   variable 
size  in  variable  quantities,  very  numerous  in  old  Marmots. 
The  liver  cells  show  micro-chemically  no  iron  reaction.     He 
further  states  that  there  is  a  great  breaking  down  of  red-blood 
corpuscles  during  hibernation,  in  the  spleen,  red  marrow,  and. 
liver,  and  thinks  that  the  iron  is  accumulated  in  these  organs, 
to  be  again  used  in  forming  blood  pigment  on  the  awakening 
of  the  animals.     He  used  sulphide  of  ammonium  as  a  test  for 
iron  in  the  liver  and  elsewhere,  and  obtained  a  blackening  of 
the  granules  in  the  capillaries.     I  repeated  this,  and  can  confinn 
his  observation. 

But  besides  these  masses  of  pigment  granules,  there  are  large 
rounded  or  oval  uninucleated  cells,  not  unlike  splenic  cells,  the 
protoplasm  of  which  often  contains  granules  of  an  iron-holding 
pigment;  they  are  found  in  the  large  veins  coming  to  the 
liver,  and  also  in  the  lobular  capillaries,  but  are  not  numerous. 
I  believe  them  to  be  macrophages  that  have  wandered  into  the 
blood-vessels  of  the  liver,  after  absorbing  the  pigment  of  broken- 
down  corpuscles  (PL  VI.  fig.  5,  a).  They  do  not  appear  to  be 
splenic  cells,  however,  as  in  this  animal  these  cells  are  of  very 
small  size. 

It  does  not  seem  to  me  likely  that  this  pigment  is  merely 
stored  in  the  liver  cells  for  future  use,  but  that,  owing  to  the 
sluggish  state  of  the  excretion,  we  see  the  pigment  granules 
accumulating  in  the  cells,  in  a  way  that  does  not  occur  during 

'  Ueber  die  Warmeregulation  beim  Murmelthier,  Arch,  f&r  Exp.  Pathol, 
1882,  Tol.  XV. 
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tbe  active  period.  It  is  possible  that  the  iron  may  be  stored 
op  for  future  use^  or  that  it  is  excreted  from  the  liver  in  com- 
bination^ not  with  pigment,  but  with  some  other  body,  as 
iK»rmalIy  occurs,  which  I  think  the  more  probable,  as  the  liver 
^Us  never  give  the  iron  reaction  with  ammonium  sulphide,  &c., 
and  that  the  liver  does  not  at  the  resolution  of  hibernation 
perform  the  function  of  a  blood-producing  organ. 

The  liver  therefore  presents  us  during  hibernation  with  a 
pictiure,  as  it  were,  of  the  changes  undergone  by  blood-pigment 
carried  into  the  blood-stream,  the  liver  cells  seizing  upon  the 
granules,  depriving  them  of  iron,  and  moving  them  towards  the 
bile  capillaries,  into  which  they  are  passed  as  bile  pigment. 

Anotlier  change  of  minor  importance  may  be  observed  in  the 
liver  during  hibernation.  Some  cells  appear  to  increase  in  size, 
followed  by  enlargement  of  their  nuclei,  which  become  dis* 
tended,  and  ultimately  almost  fill  the  cells  (PL  VI.  fig.  3); 
after  a  time  the  over-stretched  nuclear  network  ruptures,  the 
nucleolus  disappears  or  becomes  adherent  to  the  side  of  the 
nuclear  envelope,  and  the  cell  presents  the  appearance  of  a 
narrow  band  of  granular  protoplasm  surrounding  a  thick- 
walled  vacuole  ;  finally  the  cell  also  ruptures  and  disappears.  I 
believe  this  to  be  the  normal  mode  of  death  and  removal  of  liver 
cells,  which,  owing  to  its  slowness  during  hibernation,  becomes 
more  conspicuous  than  during  the  summer. 


EXPLANATION  OF  PLATES. 
Platb  IV. 


AH  the  figures  in  this  plate,  with  the  exception  of  fig.  2,  are  repre- 
sented as  double-stained  with  Ehrlich's  acid  hsematoxylin  and  benzo- 
purpurine  R 

Fig.  1.  Vertical  section  of  conical  or  spinous  papilla  of  tongue 
X  200.  a,  cells  of  anterior  aspect  of  papilla;  &,  capillary  blood- 
vessel ;  c,  stratum  comeum ;  «,  cells  of  papilla  containing  eleidin  gran- 
iiles ;  /,  similar  cells  containing  eleidin  diffused  through  them ;  g, 
germinal  part  of  stratum  Malpighi;  A,  subepithelial  connective 
tissue ;  k,  keratinised  cells  of  tip  of  papilla ;  m,  stratum  Malpighi ; 
p,  downward  projection  of  germinal  layer  of  stratum  Malpighi, 
forming  an  epithelial  papilla  from  which  the  spine  springs ;  8,  septum 
of  keratinised  cells. 
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Fig.  2.  TransverBe  section  of  a  striped  muscle  fibre  of  amphil>i 
tjpe,  from  the  submucosa  of  the  oesophagus.     Ob.  No.  7  x  Oc.  No.  -5 
Leitz.    /,  connective  tissue  surrounding  fibre  ;  n,  nuclei ;  o,  nucleolixs 
p,  undifferentiated  protoplasm ;  s,  sarcolemma. 

Fig.  3.  Connective  tissue  corpuscles,  from  submucosa  of  stomn^^li , 
Ob.  ^  imm.  Beck,  x  Oc  No.  3  Hartnack.  a,  ordinary  connective 
tissue  corpuscle ;  6,  finely-granular  corpuscle,  the  protoplasm  of  whicli 
stains  yellow  with  benzo-purpurine ;  c,  finely-granular  corpuscle,  t^lie 
protoplasm  of  which  stains  violet  with  hsematoxylin ;  d,  coarselj^- 
granular  corpuscle ;  e,  wandering  cells. 

Fig.  4.  Various  appearances  presented  by  columnar  epithelial  cells 
of  mucous  membrane  of  stomach.     Ob.  -j^  imm.  Beck,  x  Oc.  No.    3 
Hartnack.     a,  cells  lining  ducts  of  cardiac  gland,  in  a  resting  con- 
dition (from  a  hibernating  animal) ;  6,  similar  cells  from  ducta   of 
pyloric  glands  during  hibernation;  c,  cells  lining  ducts  of  cardiac 
glands  after  active  secretion  ;  d,  the  same  cells  as  c  during  a  period 
of  temporary  rest,  the  animal  being  active  ;  €,  the  same  cells  after  a 
still  longer  period  of  rest ;  /,  columnar  cells  of  ordinary  type  lining 
general  surface  of  stomach  ;  g,  chalice  cell  from  mucous  membrane 
of  duodenum. 

Fig.  5.  Columnar  epithelial  ceUs  from  intestine  of  a  hibernating 
Hedgehog.  Ob.  ^  imm.  Beck,  x  Oc.  No.  3  Hartnack.  a,  cells  from 
surface  of  villus ;  b,  cells  lining  LieberkUhn's  follicles ;  r,  stnaU 
"  replacement  cell." 

Plate  V. 

Fig.  1.  Coarsely-granular  cells  of  connective  tissue  of  tongue. 
a,  smallest  cells  of  the  kind  observed — they  contain  granules  like  the 
larger  ones ;  b,  similar  cells  of  slightly  larger  size  and  irregular  shape  ; 
c,  still  larger  cells ;  d  and  e,  fully  grown  cells  of  various  shapes  ;  /, 
an  old  cell,  in  which  a  few  granules  only  remain  around  the  nucleus ; 
this  cell  is  taken  from  the  mesentery  of  the  same  animal;  r,  red- 
blood  corpuscles,  drawn  to  scale. 

Fig.  2.  Two  striped  muscle  fibres  of  tongue  in  transverse  section. 
Ob.  No.  7  and  Oc.  No.  3  Leitz.  o,  fibre  composed  of  fine  fibrils  ;  b, 
fibre  containing  fibrils  running  in  different  directions ;  c,  central  core 
of  6,  consisting  of  longitudinally  placed  fibrils ;  d,  circularly  arranged 
fibrils  ;  e,  undifferentiated  protoplasm ;  /,  nuclei ;  ^,  sarcolemma  ;  h, 
ordinary  connective  tissue. 

Fig.  3.  Vertical  section  of  mucous  membrane  of  stomach  of  hiber- 
nating Hedgehog,  showing  a  number  of  microphages  in  the  connec- 
tive tissue  becoming  degenerated  x  200.  &,  arteriole ;  c,  nuclei  of 
ordinary  connective  tissue  cells;  c,  wandering  cells  (microphages 
showing  granular  degeneration)  ;  ^,  closed  ends  of  cardiac  glands  ;  /, 
mass  of  lymph  corpuscles ;  m,  a  microphage  amongst  them ;  itum, 
muscularis  mucossB  ;  v,  vein. 

Fig.  4.  Vertical  section  of  pyloro-duodenaJ  junction,  showing  the 
whole  extent  of  Brunner's  glands.  Ob.  No.  1  and  Oc.  No.  1  Leitz. 
D,  duodenum ;   S,  stomach ;   6,  lobules  of  Brunner's  glands ;   h,v, 
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cfrcolar  blood-vessel;  cm,  circular  muscular  coat  of  duodenum, 
prolongations  of  which  pass  upwards  between  the  lobules  of  Brunuer  s 
glands — it  is  continuous  with  the  pyloric  sphincter  ;  rf,  ducts  of 
Bnmuer's  glands  ;  f.m,  inner  muscular  coat  of  stomach ;  j^  junction 
of  mucous  membrane  of  stomach  with  that  of  duodenum ;  /, 
Lieberkuhn's  glands ;  2.7n,  longitudinal  muscular  coat  of  duodenum, 
o(Hitinuous  with  outer  coat  of  stomach ;  m.m,  muscularis  mucoscB ; 
ft,  portionB  of  muscularis  mucosse  that  pass  between  lobules  of 
Brunner's  glands  ;  o.m,  external  muscular  coat  of  stomach  ;  p^  pyloric 
^ands ;  P.S,  pyloric  sphincter,  into  the  formation  of  which  both  inner 
and  outer  muscular  coats  of  the  stomach  enter — the  sphincter  is 
continuous  at  intervals  with  the  muscularis  mucosas  of  the  stomach  ; 
t.m,  submucous  coat ;  V,  villi. 

Plate  VI. 

Fig.  1.  Vertical  transverse  section  of  small  intestine.  Ob.  No.  7 
and  Oc.  No.  3  Hartnack.  a,  arteriole ;  6,  basement  membrane  of 
Lieberkiihn's  follicles;/  epithelium  of  closed  ends  of  Lieberktihn's  fol- 
Ud^ ;  g^  connective  tissue,  of  somewhat  gelatinous  nature ;  /, 
lymphatic  vessel  in  the  submucosa ;  /.a,  lacteal  opening  into  / ;  lu^ 
lumen  of  Lieberkuhn's  follicles;  m,  internal  muscular  coat  of  intestine ; 
m.m,  muscularis  mucosse  ;  «,  submucous  coat. 

Fig.  2.  Portions  of  columns  of  liver  cells  from  a  hibernating 
animal,  showing  a  band  of  pigment  granules  running  down  the 
centre  of  each  column  and  surrounding  the  minute  bile  channel  that 
exists  between  the  cells.  Ob.  ^  imm.  Beck  and  Oc.  No.  3  Hartnack. 
^  capillary  bile  channel ;  c,  blood  capillary ;  g^  granules  of  iron-free 
pigment ;  ft,  nucleus  of  liver  celL 

Fig.  3.  Three  cells  of  liver,  a,  normal  cell ;  6,  swollen  cell,  the 
nucleus  of  which  has  become  much  enlarged ;  c,  cell  about  to 
break  down  and  disappear,  the  nucleus  of  which  has  become 
vacuolated  and  lost  its  nucleolus — the  nuclear  envelope  remains  in 
a  somewhat  thickened  condition. 

Fig.  4.  Wall  of  sublobular  vein  of  liver,  surrounded  by  liver  cells, 
the  blunt  processes  of  which  project  into  the  connective  tissue  sur- 
rounding the  vein.  Ob.  No.  7  and  Oc.  No.  3  Leitz.  L,  lumen  of  vein ; 
ft,  capillary  blood-vessel ;  c,  connective  tissue  of  vein  ;  c,  endothelial 
cells  lining  vein  ;  Z,  liver  cell  of  usual  type ;  n,  nucleus  of  connective 
tissue  cell ;  ^,  toothed  liver  cells. 

Fig.  5.  Liver  ofhibemating  Hedgehog,  showingseveral  macrophages 
full  of  granules  of  pigment  in  the  blood  capillaries  ;  also  granules  of 
iron-free  pigment  in  the  liver  cells.  Ob.  No.  7  and  Oc.  No.  3  Leitz. 
0,  macrophages  ;  6,  their  nuclei ;  c,  blood  capillary  ;  ef,  bile  capillary  ; 
«,  nuclei  of  endothelial  cells  of  blood  capillaries ;  jp,  pigment  of  liver 
cell  grouped  round  the  bile  channels  ;  «,  a  liver  cell  the  protoplasm 
of  which  is  slightly  shrunken,  showing  the  cell  envelope ;  w, 
colourless  blood  corpuscle. 


THE  INTEGUMENTARY  GROOVES  ON  THE  PAZ.M 
OF  THE  HAND  AND  SOLE  OF  THE  FOOT  OP 
MAN  AND  THE  ANTHROPOID  APES.^  By  Davii> 
Hepburn,  M.D.,  CM.,  F.R.S.E.,  Senior  Demonstra^tor  of 
Anatomy y  University  of  Edinburgh.    (With  Plates.) 

In  volume  xxvi.  of  the  Jour,  of  An/it  and  Phys.,  I  gave   an 
account  of  a  series  of  dissections  of  the  hands  and  feet  of  the 
Anthropoid  Apes,  with   a   view  to  establish  their  muscular 
homologies  with  the  muscles  of  the  corresponding  parts  in  Man. 
Since  then  I  have  continued  my  observations  in  order  to  ascer- 
tain whether  the  integumentary  folds  on  the  flexor  aspects  of 
the  hand  and  foot  of  Anthropoid  Apes  and  of  Man  could  be 
reduced  to  a  common  plan  and  mode  of  origin,  seeing  that  the 
groups  of  muscles  in  them  so  closely  correspond  with  each  other. 
The  material  for  this  investigation  in  part  consisted  of  a  series 
of  casts  of  hands  and  feet  in  the  Anatomical  Museum  of  the 
University  of  Edinburgh,  and   for   permission  to  use  these  I 
have  to  thank  Sir  William  Turner.    I  should  state  that  atten- 
tion of  a  general  kind  has  already  been  directed  to  this  subject 
by  the  late  Professor  Goodsir,^  Sir  William  Turner,^  and  Dr 
Louis  Robinson.* 

The  Hand. 

« 

In  studying  this  subject  it  will  be  advisable  to  commence 
with  the  hand,  and  at  the  outset  to  note  the  function  of  this 
organ  in  the  Apes  and  in  Man.  In  the  former  the  hand  serves 
the  threefold  function  of  support,  locomotion,  and  prehension : 
of  support,  sii^e  all  the  Apes  require  the  help  of  their  hands, 
even  when  jfeliey  assume  the  erect  or  semi-erect  attitude;  of 
locomotion,  since  Apes,  when  on  the  ground,  constantly  make 
frequent  use  of  the  knuckles   of  their  hand  in  walking,  and 

^  An-a]b8tiuct  of  this  paper  was  read  before  the  Anthropological  Section  of  the 
British  Association  at  its  Edinburgh  Meeting  in  August  1892. 
'  Goodsir's  Anatomical  Memoirs,  edited  by  Turner,  vol.  i.,  Edinburgh,  1868. 
>  Turner  On  Hands  and  Feet  (Health  Lectures),  Edinburgh  1884. 
^  Robinson,  Niiuteenth  Century,  May  1892. 
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vitile  climbiDg,  the  hand  is  essential  to  progression ;  of  pre* 
kensian,  since  it  is  by  this  means  that  Apes  grasp  objects. 
Man,  on  the  other  hand,  does  not  require  his  hand  for  the  pur- 
poses of  support  or  locomotion,  save  under  exceptional  cir- 
cumstances, and  he  principally  uses  it  as  an  organ  of  prehen- 
sion. Again,  the  character  of  the  prehension  differs  in  Man  and 
in  the  Apes ;  and  the  difference  may  be  shortly  expressed  by 
saying  that  the  hand  of  Man  can  grasp  a  sphere,  while  the 
bands  of  Apes  can  grasp  a  cylinder} 

It  follows,  therefore,  that  obvious  differences  should  be  found 

in  the  characters  of  the  hands.    In  the  Apes,  the  fingers  are 

long  and  hook-like,  the  palm  is  narrow  and  elongated.     The 

thumb  of  the  Apes  is  always  short  in  proportion  to  the  length 

of  the  other  digits,  and  in  none  of  them  does  it  extend  beyond 

the  metacarpo-phalangeal  joint  of  the  index  finger.    Again,  in 

the  Apes  the  web  between  the  thumb  and  the  index  finger  is 

smaller  than  in  Man,  and  consequently  there  is  more  or  less 

of  a  deep  cleft  in  this  position.    At  the  same  time  the  ball 

of  the   thumb  and  the  ball  of    the   little  finger  are  feebly 

developed. 

In  Man,  on  the  other  hand,  the  palm  has  acquired  con- 
fiiderable  breadth  in  proportion  to  its  length,  and  there  is  no 
disproportion  between  the  length  of  the  palm  and  the  length 
of  the  fingers.  The  thumb  has  grown  in  length  until  it  nearly 
i^eaches  the  articulation  between  the  first  and  second  phalanges 
of  the  index  finger.  The  web  has  become  well  developed,  and 
so  the  cleft  between  the  thimib  and  index  finger  is  to  a  great 
oxtent  lost,  while  the  thenar  and  hypothenar  eminences  are 
distinct  features  of  the  human  palm. 

Coming  now  to  the  muscles  which  produce  the  various  move- 
ments of  the  hand,  we  find  that  these  are  arranged  in  certain 
definite  groups,  each  group  being  capable  of  performing  a  dis- 
tinct movement.  These  muscles  are  partly  situated  in  relation 
to  the  dorsum  of  the  hand  and  forearm,  and  partly  in  relation 
to  the  palm  and  front  of  the  forearm.  In  a  general  way  we 
may  say  that  the  dorsal  muscles  are  the  antagonists  of  the 
palmar  set,  but  that  the  latter  are  slightly  the  more  powerfiil, 
60  that  the  natural  position  of  the  hand  in  the  state  of  rest  is 

^  See  Goodsir'a  AruUcmical  MemairSf  vol,  i.  p.  289. 
VOL.  XXVII.  (N.S.  VOL.  VII.)  H 
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one  in  response  to  the  action  of  the  more  powerful  group.    TFhe 
different  groups  are : — 

1.  Flexors. — This  group  of  muscles  is  situated  in  relation  to 
the  palmar  aspect  of  the  hand  and  forearm,  and  consists  of 
muscles  whose  function  is  to  bend  the  digits  towards  the  palm. 
Elach  digit  possesses  two  kinds,  viz.,  long  flexors  and  skart 
flexors,  the  peculiarity  of  the  latter  being,  that  while  the  typical 
short  flexor  has  two  heads,  the  tendency  is  for  certain  heads  to 
disappear,  and  so  those  which  remain  are  usually  described  sls 
palmar  interosseous  muscles,  except  in  the  case  of  the  thumb 
and  little  finger. 

2.  Extensors  are  situated  upon  the  dorsum  of  the  hand  and 
forearm.  They  straighten  or  extend  the  fingers,  and  thus  they 
antagonise  the  flexors ;  but  since  the  latter  are  the  more  power* 
ful,  the  natural  position  of  the  fingers  is  slightly  bent  towardB 
the  palm. 

3.  Lwmhric(de8  are  a  small  group  of  four  muscles  whose 
origin  is  in  the  palm,  where  they  arise  from  the  tendons  of  the 
deep  flexors  of  the  digits.  Their  insertion  is  into  the  extensor 
tendons  on  the  dorsum  of  the  fingers.  Thus  in  their  action 
they  combine  extension  of  the  interphalangeal  joints  with 
fiexion  of  the  metacarpo-phalangeal  articulation.  This  group 
of  muscles  is  present  to  its  full  extent  in  the  Apes  as  well  as 
in  Man. 

4  Abductors  are  muscles  whose  function  is  to  draw  the 
digits  away  from  the  middle  line  of  the  hand,  which  is  an 
imaginary  line  drawn  firom  the  wrist  to  the  tip  of  the  middle 
finger,  so  as  to  bisect  the  hand  through  the  middle  finger. 
They  are  chiefly  situated  between  the  metacarpal  bones,  and 
are  hence  named  dorsal  interosseous  muscles,  with  the  excep- 
tion of  those  for  the  thumb  and  little  finger,  which  lie  on  the 
outer  and  inner  borders  of  the  hand  respectively,  and  are  thus 
to  be  associated  with  dorsal  muscles,  although  they  have  fallen 
somewhat  towards  the  palm,  and  have  thus  rounded  off  the 
outer  and  inner  borders  of  the  palm. 

6.  Addicctors  (or  Contrahentes)  are  muscles  whose  function 
it  is  to  narrow  or  contract  the  palm  by  drawing  the  expanded 
fingers  back  towards  the  middle  line  of  the  hand.  In  the  Gib- 
bon this  stratum  is  complete,  and  presents  four  muscles — ^for 
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the  thumb,  index,  anoulariB,  and  minimus  respeotively.  In  the 
Chimpanzee,  those  for  the  thumb,  annularis,  and  minimus  were 
present,  the  two  latter  being  very  rudimentary.  In  the  Orang, 
Gorilla,  and  Man,  only  the  adductor  for  the  thumb  remains 
to  represent  this  stratum.  Nevertheless,  the  movement  of 
adduction  of  the  other  digits  is  not  lost,  for  it  is  performed  by 
the  palmar  interosseous  muscles,  formerly  referred  to  as  the 
remnants  of  short  flexor  muscles. 

6.  Opponentes  produce  opposition,  which  is  a  movement 
whereby  the  thumb  can  be  carried  inwards  across  the  palm,  and 
its  tip  approximated  to  the  tips  of  all  the  other  digits.  The 
little  finger  also  possesses  this  movement  to  a  limited  extent, 
and  in  virtue  of  it  the  inner  border  of  the  hand  can  be  raised 
BO  as  to  deepen  the  hollow  of  the  palm,  while  at  the  same  time 
the  tip  of  the  little  finger  is  more  readily  brought  in  contact 
with  the  tip  of  the  thumb. 

From  this  summary  it  is  quite  clear  that  only  three  groups 
of  muscles  can  leave  their  imprint  upon  the  skin  of  the  palm, 
Wz.,  the  flexor,  adductor,  and  opposing  muscles.  As  the  result 
of  flexion,  the  skin  of  the  palm  will  be  thrown  into  folds,  whose 
direction  will  be  indicated  by  grooves  more  or  less  transverse  to 
the  long  axis  of  the  hand.  At  the  same  time  certain  conditions 
may  supervene  to  modify  this  transverse  direction  of  the  lines 
indicating  flexion.  The  adductor  or  contracting  muscles  will 
produce  narrowing  of  the  palm,  and  hence  the  skin  will  be 
thrown  into  folds,  indicated  by  grooves  which  run  in  the  long 
sxis  of  the  hand ;  but  since  all  the  muscles  of  this  group  arise 
ia  relation  to  the  middle  line  of  the  hand,  it  follows  that  the 
grooves  will  radiate  more  or  less  distinctly  from  a  point  in  front 
of  the  wrist. 

The  movement  of  opposition  will  leave  its  traces  in  the  form 
of  oblique  lines  more  or  less  distinct,  according  to  the  amount 
of  the  development  of  these  muscles.  These  are  usually  blended 
with  the  former.  In  this  way  we  may  expect  the  palm  to  pre- 
sent three  sets  of  lines  or  grooves — (1)  Transverse,  (2)  Longi- 
tudinal or  radiating,  (8)  Oblique. 

Hand  of  Gibbon  (Hylobates  sp.  ?). — The  palm  is  narrow  in 
the  region  of  the  metacarpus,  but  expands  slightly  towards  the 
digits,  which  are  long  and  slender.    The  poUex  is  slender,  but 
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short  in  comparison  with  the  other  digits.     Each  digit  is    pro- 
vided with  a  nail. 

The  ball  of  the  thumb  and  the  ball  of  the  little  finger  ajre  of 
meagre  development,  and  therefore  the  palm  is  very  flat. 

The  thumb  is  much  separated  from  the  index  digit  by  a  deep 
cleft  which  extends  backwards  almost  to  the  carpus,  so  that  the 
web  between  these  digits  is  very  small.  This  cleft  is  prolongped 
backwards  through  the  palm  towards  the  wrist  as  a  deep 
integumentary  groove,  which  fades  away  close  to  the  transverse 
line  which  indicates  flexure  of  the  radio-carpal  joint. 

The  palmar  aspect  of  each  digit  is   crossed   by  transverse 
grooves,  indicating  the  flexure  between  individual  phalanges. 
At  the  level  of  the  webs  of  the  four  inner  digits  the  direction 
of  the  lines  of  flexion  varies,  being  transverse  to  the  long  axis 
of  the  digit  in  the  case  of  the  medius,  but  somewhat  oblique  in 
the  cases  of  the  index,  annularis,  and  minimus  digits.     This 
obliquity  may  be  accounted  for  partly  by  reason  of  the  meta- 
carpal bones  of  these  digits  being  shorter  than  the  metacarpal 
bone  of  the  medius,  and  partly  by  the  action  of  the  contra- 
hentes  muscles  and  palmar  interossei  which  draw  the  digits 
towards  the  middle  line  during  the  movement  of  flexion. 

Crossing  the  palm  almost  transversely  at  the  level  of  the 
metacarpo-phalangeal  joints,  and  extending  from  the  inner  to 
the  outer  border  of  the  palm,  there  is  a  groove — the  anterior 
transverse  line.  A  short  distance  nearer  to  the  wrist  and  also 
situated  in  the  transverse  direction,  there  is  another  groove — 
the  TYviddle  transverse  line  ;  while  yet  another  transverse  groove 
— the  posterior  transverse  line — may  be  seen  in  relation  to  the 
carpo-metacarpal  set  of  articulations.  This  last  commences  at 
the  inner  border  of  the  palm,  but  loses  itself  in  the  ball  of  the 
thumb.  As  already  stated,  a  transverse  line  marks  the  position 
of  flexion  at  the  radio-carpal  articulation. 

An  arrangement  of  grooves  may  also  be  seen  running  more 
or  less  in  the  long  axis  of  the  palm.  These  lines  converge  to- 
wards the  wrist,  and  spread  out  in  a  radiaiing  manner  towards 
the  digits.  The  number  of  these  lines  varies :  their  tendency 
is  to  run  to  the  intervals  between  the  digits.  Usually  those 
most  distinct  are  found  in  the  interval  between  the  thumb  and 
index  finger,  and  in  the  middle  of  the  palm,  where  it  is  nearly 
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longiiudincU,  and  crosees  the  transverse  furrows.  These  lines 
are  produced  by  the  folding  of  the  skin  as  the  palm  is  narrowed 
bj  the  action  of  the  contrahentes  muscles,  which  take  origin 
from  an  aponeurosis  occupying  the  middle  line  of  the  palm  at  a 
deeper  level.  The  distinctness  of  the  line  which  lies  in  the 
cleft  between  poUex  and  index,  points  to  the  fact  that  the  ad- 
ductors of  the  thumb  are  more  powerful  than  those  of  the  other 
digits ;  and  moreover,  in  the  case  of  the  thumb,  the  action  of 
the  opponens  muscle  would  assist  in  intensifying  this  groove. 

Thus  in  the  Gibbon's  hand  we  see  in  a  simple  form  the  series 
of  furrows  which  the  palm  will  show  under  the  influence  of  flexor 
and  adductor  groups  of  muscles  —transverse  in  the  former,  longi- 
tudinal or  radiating  in  the  latter.  The  small  size  of  the  opponens 
muscles,  as  well  as  of  the  other  special  muscles  of  the  thumb 
and  little  finger,  leaves  the  hand  of  the  Gibbon  much  more 
fitted  to  grasp  a  cylinder,  on  which  its  digits  would  arrange 
themselves  in  a  series  of  parallels,  than  to  grasp  a  sphere,  for 
which  its  hand  would  require  to  become  cup-shaped. 

Hand  of  Orang-utcm. — ^The  thumb  is  still  small  and  feeble 
in  proportion  to  the  size  and  length  of  the  other  digits,  and 
when  laid  alongside  of  the  index  finger  it  barely  reaches  as  far 
as  the  head  of  the  second  metacarpal  bone.  The  palm  is  more 
fully  developed  than  in  the  Gibbon,  and  the  thenar  and  hypo- 
thenar  eminences  have  become  somewhat  more  prominent ;  and 
in  consequence  the  web  between  the  thumb  and  index  digit  has 
filled  up,  so  that  there  is  no  longer  a  deep  interval  between  the 
metacarpal  bones  of  these  digits. 

The  grooves  on  the  palmar  surface  arrange  themselves  as 
before  into  two  groups,  indicative  of  flexion  and  contraction  or 
adduction.  Thus  lines  indicative  of  flexion  may  be  seen  run- 
lung  transverse  to  the  long  axis  of  the  various  digits  with  the 
modification  in  the  lines  at  the  level  of  the  webs  of  the  fingers, 
whereby  there  is  a  certain  amount  of  obliquity  in  the  case  of 
the  index,  annularis,  and  minimus,  probably  produced,  as  already 
noted,  by  the  di£ference  in  the  lengths  of  the  metacarpal  bones. 
In  the  palm  the  anterior,  middle^  and  posterior  transverse 
lines  are  present  as  in  the  Gibbon.  The  series  of  longitudinal 
or  radiating  lines  is  well  marked,  especially  those  in  relation  to 
the  middle  line  of  the  hand  and  the  cleft  between  the  thumb 
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and  index  finger.  In  regard  to  tbe  latter,  an  important  modifi- 
cation may  be  seen.  By  reason  of  the  increase  in  the  size  of 
the  intrinsic  muscles  of  the  thumb,  the  ^reb,  as  already  noted, 
has  filled  up,  but  at  the  same  time  the  furrow  produced  l>jr 
adduction  and  opposition  has  become  doubled,  and  one  part  is 
pushed  forwards  so  as  to  run  out  on  the  outer  border  of  the 
palm,  close  to  the  outer  end  of  the  middle  transverse  line. 

The  main  indication  is  therefore  of  a  hand  more  fitted  to 
grasp  a  cylinder  than  to  surround  a  sphere. 

Hand  of  Chimpanzec-^The  thumb  has  undergone  an  increase 
in  size,  and  is  larger  in  proportion  to  the  other  digits  than  is 
the  case  in  the  Qibbon  or  Orang.  The  palm  is  well  developed, 
and  at  the  same  time  the  thenar  and  hypothenar  eminences 
are  well  defined,  while  the  web  between  the  thumb  and  indejc 
finger  has  very  materially  filled  up. 

The  same  series  of  furrows  is  again  visible,  although  important 
modifications  are  present.  The  lines  of  flexion,  so  far  as  the 
digits  are  concerned,  remain  as  before ;  but  with  regard  to  those 
on  the  palm,  several  variations  must  be  noted.  First,  all  three 
— anterior,  middle,  and  posterior — have  assumed  a  certain 
amount  of  obliquity.  The  anterior  and  middle  are  still  parallel 
to  each  other,  but  their  radial  ends  are  pushed  forwards,  so  that, 
instead  of  being  transverse,  they  are  distinctly  oblique.  More« 
over,  the  ulnar  end  of  the  middle  line  barely  reaches  the  inner 
border  of  the  palm.  The  posterior  transverse  line  has  also 
become  oblique,  by  reason  of  its  ulnar  end  moving  forwards  in 
advance  of  the  radial  end;  and  in  addition,  its  ulnar  end  no 
longer  reaches  the  inner  border  of  the  palm«  These  modifica- 
tions result  from  the  increase  in  the  size  and  importance  of  the 
muscles  in  the  thenar  and  hypothenar  eminences.  Thus  the 
obliquity  of  the  posterior  line,  and  the  shortening  of  this  line, 
as  well  as  the  middle  line,  are  the  result  of  the  growth  of  the 
muscles  of  the  hypothenar  eminence,  while  the  obliquity  of 
the  anterior  and  middle  lines,  as  well  as  their  forward  move* 
ment,  results  from  the  increase  in  size  of  the  adductor  muscles 
of  the  thumb. 

The  lines  of  adduction,  i,e.,  the  longitudinal  and  radiating 
lines,  are  well  seen  in  this  hand.  Among  them,  the  one  which 
corresponds  to  adduction  and  opposition  of  the  thumb,  which,  as 
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ve  Iiave  fcnrmerly  seen,  occupies  the  cleft  between  thumb  and 
index,  has  now  moved  decidedly  forwards,  and  runs  out  on  the 
outer  border  of  the  hand  close  to  the  radial  end  of  the  middle 
line  of  flexion,  a  result  which  is  likewise  produced  by  the  increase 
in  the  size  and  importance  of  the  adductors  of  the  thumb. 

In  this  hand  we  have  now  clear  indications  that  it  is  capable 
of  more  than  merely  grasping  a  cylinder,  and  from  the  disposi- 
tion of  the  lines  it  is  evident  that  the  muscular  mechanism  has 
become  sufiSciently  perfected  to  permit  of  the  hand  being  spread 
over  the  sur&ce  of  a  sphere. 

Hand  of  OoriUa. — The  thumb  is  also  well  developed  in 
proportion  to  the  other  digits,  while  the  size  of  the  thenar  and 
hypothenar  eminences  is  more  remarkable  than  in  any  of  the 
other  Apea  The  palm  is  likewise  well  developed.  As  in  all 
the  other  Apes,  the  palmar  fiurrows  arrange  themselves  in  two 
gioups,  indicating  the  general  movements  of  flexion  and  adduc- 
tion. 

Among  the  lines  of  flexion,  no  change  requires  to  be  noted  so 
far  aa  the  digits  are  concerned,  but  in  the  case  of  the  palm, 
while  we  may  still  recognise  the  three  original  primary  lines, 
iurtber  important  variations  are  recognisable.  Thus,  the 
anterior  and  middle  lines  are  even  more  oblique  than  in  the 
Chimpanzee,  while  they  are  no  longer  parallel.  The  anterior 
line,  instead  of  reaching  the  outer  border  of  the  palm,  now 
fitils  to  reach  that  point,  and  instead,  it  is  deflected  forwards  to 
the  root  of  the  index  finger.  The  middle  line  in  its  turn  fails 
to  reach  the  ulnar  border  of  the  palm,  and  on  the  radial  side  it 
is  again  considerably  deflected  forwards  as  it  runs  out  on  the 
outer  border  of  the  palm.  The  posteHor  lirie  may  still  be 
traced,  but  it  is  no  longer  so  definite.  Among  the  lines  which 
indicate  adduction  and  opposition — i.e.,  longitudinal  and  radiat- 
ing— considerable  modifications  are  visible.  Their  number  is 
less  numerous,  and  those  which  remain  bear  special  reference 
to  the  middle  line  of  the  palm,  the  thumb,  and  little  finger. 
The  one  associated  with  the  thumb  still  commeDces  close  to  the 
wrist,  but  it  runs  forwards  with  a  wider  curve  than  formerly, 
and  in  its  progress  to  the  outer  border  of  the  palm  it  blends 
for  some  distance  with  the  radial  end  of  the  middle  line  of 
flexion.    This  result  clearly  follows  the  increase  in  the  size  of 
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the  intrinsic  muscles  of  the  thumb.  On  the  other  hand,  the 
increase  in  the  size  of  the  intrinsic  muscles  of  the  little  finger 
has  produced  a  furrow  by  which  this  msuss  of  muscle  is  demar- 
cated from  the  rest  of  the  palm.  From  these  markings  it  is 
evident  that  the  hand  of  the  Gorilla  is  better  fitted  for  grasping* 
a  sphere  thau  the  hands  of  the  other  Apes,  and  the  modification 
of  the  primary  lines  would  seem  to  show  that  this  is  possible. 
As  a  matter  of  fact,  in  grasping  a  sphere  the  great  part  of  the 
movement  occurs  in  connection  with  the  thumb,  annularis,  and 
minimus,  and  there  is  leas  movement  at  the  heads  of  the  meta- 
carpals of  index  and  medius,  from  which  we  may  explain  the 
alteration  in  the  direction  of  the  radial  end  of  the  anterior 
primary  line  of  flexion. 

The  Hv/man  Hand, — ^In  Man  the  hand  is  an  organ  whose 
grasping  power  is  perfect,  and  which  accommodates  itself  more 
easily  to  a  sphere  than  a  cylinder.  Still,  althoagh  consider- 
ably modified,  the  groups  of  muscles  are  the  same  as  in  the 
Apes,  and  consequently  we  are  able  to  trace  the  series  of  modi- 
fications by  which  the  integumentary  furrows  appear  to  deviate 
so  widely  fi-om  their  arrangement  in  the  Apes. 

First,  we  observe  that  the  lines  of  flexion  on  the  palmar 
aspects  of  the  digits  are  transverse  to  the  long  axis  of  the  digit, 
except  in  the  case  of  the  furrows  close  to  the  web  in  the  index, 
annularis,  and  minimus,  which  are  oblique  as  in  the  Apes,  €uid 
doubtless  due  to  the  variation  in  the  length  of  the  metacarpal 
bones  and  the  action  of  the  palmar  interossei. 

In  the  palm  the  anterior  and  middle  lines  of  flexion  remain, 
while  the  posterior  one  has  vanished,  owing  to  the  increase  in 
the  size  of  the  thenar  and  hypothenar  eminences.  The  increase 
of  the  hypothenar  mass  has  also  obliterated  the  inner  end  of  the 
middle  line,  so  that  it  no  longer  reaches  the  inner  border  of  the 
palm.  The  outer  ends  of  these  two  lines  have  also  become 
deflected  forwards ;  and  while  the  middle  one  still  reaches  the 
outer  border  of  the  palm,  the  anterior  one  either  runs  against 
the  base  of  the  index  finger,  or  else  runs  into  the  web  between 
index  and  medius. 

The  longitudinal  or  radiating  lines  of  adduction  and  opposi- 
tion still  present  their  main  features,  in  so  far  that  they  com- 
mence between  the  balls  of  thumb  and  little  finger,  just  in  front 
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of  the  wxist.  Of  these  lines  onlj  two  remain,  and  these  lie,  one 
in  the  middle  of  the  palm,  extending  forwards  to  the  middle 
digit,  the  other  running  forwards  and  outwards  to  reach  the 
outer  border  of  the  palm,  either  alone,  or  by  blending  with  the 
outer  end  of  the  middle  line  of  flexion.  There  is  thus  no  great 
amount  of  difference  between  the  hand  of  Man  and  that  of  the 
Gorilla,  so  far  as  the  furrows  are  concerned.  The  advantage  lies 
with  the  hand  of  Man,  by  reason  of  the  greater  size  of  his  thumb 
in  proportion  to  the  other  digits,  and  in  the  ample  development 
of  the  intrinsic  muscles  of  his  thumb  and  little  finger,  notably 
the  muscles  of  opposition,  in  virtue  of  which  these  digits  have 
been  placed  at  a  great  advantage,  both  in  respect  of  adduction 
and  flexion,  and  consequently  the  movements  of  these  digits 
have  altered,  and  modified  the  simple  arrangement  which  we 
see  in  the  palm  of  the  Qibbon. 

•    The  Foot. 

Turning  now  to  the  consideration  of  the  foot,  it  will  be 
advisable,  as  in  the  hand,  to  examine  the  function  of  this  organ 
in  the  Apes  and  in  Man.  In  all,  the  foot  serves  the  purpose  of 
an  organ  of  sv/pport,  but  it  does  so  to  a  greater  extent  in  Man 
than  in  the  Apes,  because  whereas  in  the  former  it  is  practically 
the  only  organ  of  support,  in  the  latter  it  shares  this  function 
with  the  hand.  Similarly,  it  is  an  organ  of  locomotion  in  both 
instances,  although  almost  to  the  exclusion  of  the  hand  in  the 
case  of  Man,  except  under  special  circumstances.  The  most 
important  difference,  however,  is  found  in  its  power  of  prehen- 
sion. In  Man  this  power  remains  to  a  considerable  extent 
among  the  feet  of  savage  races,  and  among  those  who,  for  special 
causes,  have  been  under  the  necessity  of  training  their  feet  as 
grasping  instruments.  Among  the  Apes,  on  the  other  hand, 
the  power  of  prehension  is  more  fully  developed  in  their  feet 
than  in  their  hands,  so  much  so  that  the  foot  in  them  is  the 
better  hand,  and  therefore  they  are  well  named  quadrn- 
Winous, 

So  far  as  regards  the  power  of  prehension,  the  foot  of  Man 
may  partially  grasp  a  cylinder,  according  to  the  length  and 
freedom  of  movement  of  the  toes ;  but  the  foot  of  the  Apes,  by 
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reason  of  the  position  of  the  hallux,  is  well  fitted  to  grasp  a 
sphere,  so  that  the  hand  and  foot  of  Man  have,  in  regard  to 
function,  changed  places  with  the  hand  and  foot  of  the  Apes. 

It  is  not  necessaiy  to  rediscuss  the  groups  of  muscles  in  the 
foot,  since  they  are  homologous  with  those  in  the  hand,  except 
that  in  the  foot  there  are  no  muscles  of  opposition. 

Only  two  groups  of  muscles,  therefore,  can  leave  their  imprint 
on  the  skin  of  the  sole,  viz.,  flexors  and  adductors ;  and,  as  in  the 
case  of  the  hand,  these  muscles  produce  folds  in  definite  direc- 
tions. Flexors  which  bend  the  digits  towards  the  sole,  produce 
furrows  transverse  to  the  long  axis  of  the  digits  and  the  long 
axis  of  the  sole ;  while  adductors  which  narrow  the  width  of  the 
sole,  produce  furrows  running  longitudinally  from  heel  to  toes, 
with  more  or  less  of  radiation. 

A  closer  examination  of  the  foot  in  Apes  and  Man  will  show 
how  far  this  arraugemeat  holds  good,  and  how  modifications 
from  the  type  may  be  accouuted  for. 

Foot  of  Oibbon. — The  foot  is  long  and  narrow.  The  hallux 
is  widely  separated  from  the  remaining  digits,  which  are  long 
and  slender.  The  web  between  hallux  and  index  is  much  fuller 
than  in  the  hand  of  the  same  animal. 

Lines  of  flexion  run  transversely  to  the  long  axis  of  the 
phalanges ;  similar  lines  corresponding  to  the  webs  between  the 
toes  have  a  certain  obliquity,  doubtless  the  result  of  the  shorten- 
ing of  the  metatarsal  bones  from  the  second  to  the  fifth.  On 
the  sole,  only  one  line  indicating  flexion  is  at  all  distinct.  It 
corresponds  to  the  metatarso-phalangeal  joints  of  the  four  outer 
toes,  and  crosses  the  sole  of  the  foot  from  inner  border  to  outer. 
Instead  of  being  distinctly  transverse,  it  is  somewhat  oblique, 
no  doubt  also  owing  to  the  diminution  in  the  length  of  the 
metatarsal  bones  from  second  to  fifth.  It  should  also  be  noted 
that  the  four  outer  phalanges  are  rotated  inwards,  so  that  their 
flexor  aspects  are  directed  slightly  towards  the  hallux. 

The  heel  is  divided  into  two  parts — an  outer  and  an  inner — 
by  a  groove  which  begins  immediately  inferior  to  the  internal 
malleolus,  and  runs  forwards  in  the  middle  of  the  sole.  As  this 
groove  advances  it  divides  into  two  parts,  one  of  which  gradually 
curves  towards  the  cleft  between  the  hallux  and  index,  while 
the  other  becomes  indefinite  after  running  a  little  farther  in  the 
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middle  of  the  foot«  These  lines  represent  the  loDgitudinal  or 
radiating  lines  of  adduction.  The  division  of  the  heel  produces 
two  eminencea  The  outer  is  associated  with  the  os  calcis  and 
point  of  the  heel ;  the  inner  corresponds  to  the  abductor  hallucis 
muscle,  which  is  therefore  in  front  of  the  heel  and  on  the  inner 
side  of  the  sole. 

Indefinite  markings  run  across  the  sole  from  the  outer  border 
inwards  and  forwards,  pointing  to  a  certain  amount  of  power  to 
approximate  the  phalanges  and  the  hallux,  a  result  obtainable 
by  the  adductors  of  the  hallux  assisted  by  flexion  and  the 
rotated  position  of  the  other  digit& 

Foot  of  Orang-utan. — ^In  this  foot  the  hallux  is  short  in  pro- 
portion to  the  size  of  the  foot  and  the  length  of  the  other 
digita  The  cleft  between  the  hallux  and  index  is  much  less 
marked  than  in  the  Qibbon,  and  the  hallux  has  the  appearance 
of  having  moved  forwards  on  the  inner  border  of  the  foot. 
Hence  the  heel  is  not  so  markedly  bifid  as  in  the  Qibbon,  and 
thus  in  walking  the  heel  and  outer  border  of  the  sole  are  applied 
to  the  ground,  while  the  inner  border  of  the  foot  is  considerably 
elevated  above  the  ground.  As  a  consequence,  those  parts  most 
usually  in  contact  with  the  ground  are  smoother  and  less 
furrowed  than  the  rest  of  the  sole.  Still,  the  main  features  of 
the  furrows  remain  distinct,  and  lines  indicative  of  flexion  and 
adduction  may  easily  be  traced. 

Thus  lines  of  flexion  cross  the  plantar  aspects  of  the  toes  in 
a  direction  transverse  to  their  long  axis,  while  on  the  sole  itself 
similar  lines  may  be  seen.  One  of  these  runs  from  the  inner  to 
the  outer  border  of  the  sole  anterior  to  the  web  of  the  hallux. 
At  its  inner  end  this  line  is  double.  Moreover,  the  line  is  some- 
what oblique,  owing  to  the  diminution  in  the  length  of  the 
metatarsal  bones  from  within  outwards.  Another  imperfect 
and  indefinite  line  of  a  similar  nature  is  found  in  the  region  of 
the  ball  of  the  great  toe,  but  it  neither  reaches  the  outer  nor 
the  inner  borders  of  the  foot. 

The  pad  over  the  os  calcis  and  the  ball  of  the  hallux  are  each 
well  developed,  but  they  are  not  separated  by  such  a  wide 
groove  as  in  the  Gibbon.  Still,  a  well-marked  groove  com- 
mences on  the  inner  border  of  the  foot,  behind  the  hallux,  and 
running  forwards;    it   takes  its    place    among  a  number  of 
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distinctly  radiating  lines  whose  main  direction  is  forwards 
towards  the  digits.  The  best-marked  of  these  is  that  which 
indicates  adduction  of  the  hallux.  This  groove  runs  out  on  the 
inner  border  of  the  foot  close  to  the  inner  end  of  the  anterior 
line  of  flexion,  and  by  it  the  ball  of  the  hallux  is  clearly  mapped 
out  fi:om  the  remainder  of  the  sole. 

Foot  of  Chimpanzee. — The  hallux  in  this  foot  is  set  almost 
at  a  right  angle  to  the  inner  border  of  the  foot.  It  is,  moreover, 
the  strongest  of  the  digits,  and  nearly  equal  in  length  to  any  of 
the  other  digits.  From  its  position,  its  grasping  power  must  be 
very  considerable.  The  heel  is  rounded,  and  not  divided  into 
two  pads  as  in  the  Gibbon  and  Orang.  The  entire  sole  is 
capable  of  being  applied  to  the  ground. 

Lines  indicative  of  flexion  and  adduction  still  prevail.  The 
former  are  transverse  to  the  long  axis  of  the  digits,  and  this  fact 
is  particularly  well  seen  in  the  case  of  the  hallux.  A  flexion  line 
corresponding  to  the  metatarso-phalangeal  joints  of  the  four  outer 
toes  crosses  the  sole  from  the  inner  border  to  the  outer  with  the 
same  slight  obliquity  already  noted  in  the  Orang  and  Qibbon. 

The  lines  of  adduction  appear  in  a  simpler  form,  and  their 
radiating  character  is  to  a  great  extent  lost,  while  their  longi- 
tudinal nature  is  strongly  developed.  They  are  represented  by 
a  deep  groove,  which  conmiences  close  to  the  inner  border  of 
the  foot,  but  within  the  sole,  and  just  in  front  of  the  point  of 
the  heel.  This  line  runs  forwards  towards  the  middle  digit, 
sending  one  diverging  line  towards  the  fourth  digit,  and  another 
to  reach  the  inner  border  of  the  sole  near  the  inner  end  of  the 
line  of  flexion.  The  two  diverging  lines  do  not  leave  the  main 
longitudinal  line  until  well  forward  in  the  sole.  The  main  line 
and  the  outer  one  both  cross  the  line  of  flexion. 

Foot  of  OoriUa, — In  this  we  find  the  hallux  the  largest  as 
well  as  the  most  powerful  of  the  digits,  and  it  is  situated  well 
forward  on  the  inner  border  of  the  foot,  so  that,  posterior  to  the 
great  toe,  the  sole  is  broad  and  well  developed,  with  the  heel 
rounded  and  symmetrical,  as  in  the  human  foot.  The  web 
between  hallux  and  index  is  well  filled,  so  that  the  hallux  points 
more  forwards  than  in  the  other  Apes.  Only  the  main  lines 
indicating  flexion  and  adduction  now  remain,  since  the  sole  can 
be  so  fully  applied  to  the  ground. 
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So  far  as  the  digits  are  concerned,  the  lines  of  flexion  remain 
as  in  the  other  Apes,  and  they  are  very  well  marked  on  the 
great  toe.  In  the  sole  the  line  of  flexion  persists  in  its  some* 
what  oblique  direction,  but  its  outer  end  scarcely  reaches  the 
outer  border  of  the  sole,  although  its  inner  end  reaches  the 
ioner  border  as  formerly. 

The  lines  of  adduction  are  now  reduced  to  a  single  groove, 
which  commences  in  the  middle  of  the  sole  some  distance  in 
firont  of  the  point  of  the  heel.  For  some  distance  it  runs  in  the 
direction  of  the  second  toe,  towards  which  a  faint  and  inter- 
rupted continuation  of  this  line  may  be  traced ;  but  the  main 
groove  is  deflected  to  the  inner  border  of  the  sole,  in  the 
interval  between  hallux  and  index.  There  it  comes  into  close 
contact  with  the  inner  end  of  the  line  of  flexion,  thereby  pro* 
dncing  an  appearance  very  closely  resembling  that  found  in  a 
hand. 

The  Foot  of  Man. — Applying  the  same  method  of  examina- 
tion to  the  human  foot,  we  are  struck  with  the  fact  that,  in  the 
adult,  most  of  the  folds  have  disappeared,  being  obliterated  by 
the  pressure  on  the  sole,  and  the  restriction  of  its  various  move- 
ments, when  the  foot  becomes  chiefly  an  organ  of  support.  In 
order,  therefore,  to  see  the  sole  of  the  human  foot  in  its  primi- 
tive condition,  we  require  to  examine  the  foot  of  an  in&nt 
before  it  has  walked.  Certain  noteworthy  features  may  be 
mentioned,  e.g,y  the  hallux  is  the  bulkiest  and  strongest  of  the 
digits,  and  although  situated  parallel  to  the  index,  it  is  as  a 
rule  longer  than  the  index,^  except  among  the  lower  races  of 
mankind. 

Besides,  the  interval  between  the  hallux  and  index  is  greater 
than  that  between  the  other  toes.  Bearing  in  mind  that  the 
human  foot  possesses  the  mechanism  for  flexion  and  adduction, 
just  as  do  the  feet  of  the  Apes,  the  lines  which  indicate  these 
movements  ought  to  be  present,  although  in  a  condition  modi- 
fied by  the  position  of  the  great  toe,  whose  movements  are 
thereby  considerably  restricted.  The  excellent  tracings  of 
in&nts'  feet,  illustrating  an  article  by  Dr  Louis  Robinson  in  a 
recent  number  of  the  Nineteenth  Centwry  Magazine,^  bear  out 
this  statement. 

^  Flower,  Fashion  in  Deformity.  ^  Nineteenth  Century^  May  1892. 
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The  lines  offleodony  so  fisur  as  the  digits  are  concerned,  are 
still  transverse  to  their  long  axis,  with  the  exception  of  the  slight 
obliquity  found  in  connection  with  the  webs  of  the  four  outer 
digits.  Id  the  sole  itself,  two  lines  indicative  of  flexion  at  the 
metatarso-phalangeal  joints  are  now  evident  Of  these,  that 
which  commences  at  the  outer  border  of  the  foot  and  runs 
obliquely  to  the  interval  between  hallux  and  index,  is  the 
corresponding  line  which  has  been  traced  through  the  series  of 
Apes,  and  now  appears  in  Man's  foot  Its  obliquity  is,  as 
hitherto,  due  to  the  gradual  diminution  in  the  length  of  the 
four  outer  metatarsal  bones.  A  second  line  of  flexion  is  present 
in  the  sole  of  Man's  foot  It  commences  at  the  inner  border 
of  the  foot,  and  runs  almost  transversely  outwards  to  join  or 
nearly  join  the  former  line.  This  corresponds  to  the  metatarso^ 
phalangeal  joint  of  the  hallux,  and  its  presence  within  the  sole 
is  the  result  of  the  new  position  of  the  hallux  in  Man.  In  the 
Apes  this  line  may  be  seen  as  one  of  those  running  transversely 
to  the  long  axis  of  the  hallux,  but  by  reason  of  the  position  of 
this  digit  in  these  animals,  it  was  traced  from  the  inner  border 
of  the  foot  behind,  to  the  web  of  the  digit  in  front  of  the 
hallux.  Sometimes  a  second  line  of  flexion  may  be  seen  run* 
ning  across  the  sole  of  the  foot 

The  position  of  Man's  digits,  lying  as  they  do,  not  only 
parallel  to  each  other,  but  upon  the  same  plane,  has  naturally 
greatly  limited  their  power  of  adduction.  Nevertheless,  the 
line  which  indicates  this  movement  is  still  present.  It  com« 
mences  in  the  sole  about  its  middle,  and  some  distance  in  front 
of  the  heel.  Running  forwards,  it  is  continued  towards  the 
interval  between  hallux  and  index,  where  it  becomes  blended 
with  the  lines  of  flexion  already  described  in  that  position* 
Occasional  short  longitudinal  lines  may  also  be  seen  in  the 
front  part  of  the  sole,  and  these  remind  us  of  the  radiating 
series  in  the  family  of  Apea 

While  this  is  the  arrangement  of  the  grooves  in  a  foot  which 
has  not  been  used  for  walking,  it  will  be  seen  that  they  undergo 
great  modifications  in  such  a  foot  as  that  of  the  Australian 
Aboriginal.  In  it  nearly  all  the  primitive  lines  have  been 
smoothed  out,  and  they  are  replaced  by  others  dependent  on 
the  movements  of  the  foot    Thus  we  see  a  transverse  flexion 
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line  behind  the  ball  of  the  hallax,  and  an  indefinite  longitudinal 
adduction  line.  In  the  foot  of  civilised  Man  a  similar  process 
of  modified  lines  has  resulted  from  wearing  boots,  and  conse- 
quently very  few  lines  appear,  but  those  which  may  be  present 
conform  to  the  general  plan. 

From  what  has  been  said,  it  is  clear  that  both  hand  and  foot 
bear  external  evidence  of  the  close  muscular  homologies  which 
exist  between  them ;  and  as  these  homologies  are  almost  identi- 
cal throughout  the  series  of  Apes  and  Man,  so  are  the  lines 
which  the  groups  of  muscles  produce  in  the  skin. 

Modifications  in  the  size  of  muscles  and  in  the  disposition 
of  the  digits  are  followed  by  variations  in  the  direction  of  the 
lines,  but  the  main  facts  remain  constant;  and  while  Man's 
hand  has  developed  into  a  better  grasping  organ  than  that  of 
the  Ape,  and  his  foot  into  a  better  organ  of  support,  still  they 
both  retain  evidence  that  they  are  both  constructed  upon  the 
same  plan,  and  that  they  are  capable  of  performing  the  same 
kind  of  movements,  subject  to  certain  modifications  and  improv- 
ments  fitted  to  the  necessities  of  each  case. 
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Australian  Aboriginal.     From  a  cast  pre- 
sented by  Professor  Anderson  8tuart. 

Figs.  1,  2,  6y  7  are  from  casts  prepared  by  Professor  D.   J. 
Cunningham. 
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ON  THE  ARTICULAR  PROCESSES  OF  THE  VER- 
TEBRAE IN  THE  GORILLA  COMPARED  WITH 
THOSE  IN  MAN,  AND  ON  COSTO-VERTEBRAL 
VARUTION  IN  THE  GORILLA.  By  John  Stkuthers, 
M.D.,  LL.D.»  Emeritvs^Profeaeor  of  AncUomy,  Aberdeen 
University. 

(Bead  before  the  Anthropological  Section  of  the  British  Awociation  for  the 
Advancement  of  Science,  at  Bdlnbnrgh,  August  8,  1892. ) 

The  following  observations  are  founded  on  the  study  of  the 
skeletons  of  a  male  and  a  female  gorilla  contained  in  the 
Anatomical  Museum  I  formed  for  Aberdeen  University  when 
professor  there,  and  on  notes  made  of  other  gorilla  skeletons  in 
various  museums. 

The  skeletons  to  be  referred  to,  under  the  subjoined  Nos.,  are 
m  the  following  museums,  noted  by  me  at  the  dates  given. 

Na  1.  Paris.    Jardin  des  Flantes,  1869.    Male,  adult  or  old. 

2,  „  „  M        Female,  adult. 

3,  Londoiu    British  Museum,  1869.     Male. 

4k       „  Boyal  College  of  Surgeons,  1881,   Male,  adult. 

5.  ,,  ^  „       Male,  adult; 

bones  loose. 

6.  „  „  „     Female,  adult 

7.  „  „  „        Young. 

8.  „  Anthropological  Institute,    „        Male,  adult. 

9.  „  University  College  Museum,  „        Male,  adult. 
IQ.  Vienna.    Public  Museum,  1872.  Male,  adult. 

11.  Basel    Public  Museum,        „  Male,  adult. 

12.  Louvain,  1871.    Male,  nearly  adult. 

13.  Montreal.     Macgill  University,  1884.    Female,  adult. 

14.  Harvard  University,  U.S.,  1884.     Male,  adult  or  older. 

15.  Glasgow.     University  Museum,  1874.    Female,  scarcely 

mature. 

16.  Edinburgh.     Museum  of  Science  and  Art,  1874.    Male. 

adult. 

17.  „  University    Anatomical     Museum,     1892. 

Male,  old. 
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18.^  Aberdeen  University  Anatomical  Museum.  Male,  adult. 
19.^         „  „  Female,  old. 

20.^  A  Male,  adult  or  older,  1882.     Bones  loose. 

The  adult  state  is  inferred  from  the  union  of  the  epiphyses 
and  the  condition  of  the  crest  of  the  ilium.  Whether  adult  or 
old  is  inferred  as  probable  from  the  wearing  of  the  teeth. 


(A)  CosTO- Vertebral  Variation. 

Case  in  which  the  Hbs  are  placed  a  vertebra  lower  than 
usual.  No.  19  of  the  list.  Vertebrae,  cervical  8,  costal  13, 
lumbar  3.  The  seventh  cervical  vertebra  has  the  usual  char- 
acters of  a  sixth,  a  very  prominent  anterior  transverse  process 
and  a  large  rounded  foramen.  The  eighth  vertebra  has  the 
usual  characters  of  a  seventh,  the  foramen  bounded  in  front  by 
a  narrow  bar  of  bone.  This  is  seen  on  the  left  side ;  on  the 
right  side  this  part  of  the  vertebra  is  broken  off. 

Contrary  to  the  remark  of  Owen  (p.  96,  loc.  cit  infra)  I  find 
the  "  perforation "  in  the  transverse  process  of  the  seventh 
vertebra  to  be  generally  present  in  the  gorilla.  It  is  a  slender 
bar  of  bone  about  the  thickness  of  a  pin  and  liable  to  be  broken. 
In  the  male  gorilla  shown  to  the  Section  (No.  18  of  the  list), 
this  bar  is  entire  on  the  right  side ;  imperfect  on  the  left  side, 
apparently  not  broken  but  as  if  it  had  been  completed  by 
ligament. 

The  head  of  the  first  rib  in  both  of  these  gorilte  (Noa  19  and 
18)  is  intervertebral  in  position,  but  connected  mainly  with  the 
vertebra  below,  as  usual  in  the  gorilla  and  in  quadrupeds,  and 
as  occasionally  seen  in  man.  In  this  female  gorilla  (No.  19)  the 
thirteen  ribs  are  well  formed,  the  last  is  6  to  7  inches  in  length 
and  comes  close  to  the  iliac  crest  The  dorsal  type  of  articular 
process  begins  abruptly  a  vertebra  lower  than  usual.      The 

^  These  two  skeletons  were  exhibited  to  the  Section,  kindly  lent  to  me  for  that 
pnrpose  by  ray  successor  in  Aberdeen  University,  Professor  Reid. 

'  I  am  not  aware  as  to  the  mnseum  in  which  this  skeleton,  submitted  to  me  in 
1882,  has  found  a  home.  It  may  be  identified  thus :  There  is  a  recent  bnllet- 
hole  about  the  middle  of  the  left  iliac  crest,  breaking  the  line  of  the  crest ;  and 
near  the  sacral  end  of  the  right  iliac  crest,  about  half  an  inch  bolow  the  crest, 
there  is  an  old  bullet-hole. 
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himbar  articular  processes  do  not  approximate  till  the  sacro- 
lambar  articulation  is  arrived  at.  The  last  lumbar  vertebra 
(24th  vertebra)  is  not  ossified  to  the  sacrum.  The  sacro-iliac 
articulation  is  extensively  anchylosed  on  the  left  side ;  behind, 
at  its  lowest  1^  inches ;  in  front,  for  |  inch  at  both  its  lower 
and  upper  part.     On  the  right  side  the  joint  is  open. 

Among  numerous  cases  of  costal  variation  in  man  I  have  not 
met  with  one  similar  to  the  above  case  in  the  gorilla,  in  which 
the  whole  thorax  is  placed  a  vertebra  lower  than  usual.  But, 
in  contrast  with  it,  I  may  refer  to  a  case  I  have  recorded  (This 
Journal,  1874,  "  On  Variations  of  the  Vertebrae  and  Ribs  in 
Man,"  Case  9,  p.  72)  in  which  the  thorax  was  placed  a  vertebra 
higher  than  usual,  giving  the  vertebree,  06,  D12,  L6. 

Increase  of  the  Number  of  Bibs  in  the  OoriUa.  In  three  of 
these  twenty  gorillae  14  ribs  are  present,  and  the  additional 
rib  in  each  of  them  is  below.  In  one  (No.  11  in  the  list)  the 
additional  rib  is  about  7  inches  in  length  on  both  sides.  In  one 
(No.  15)  the  rib  on  the  right  side  is  about  7  inches  in  length, 
that  of  the  left  side  was  not  present,  apparently  lost.  In  the 
third  (No.  7,  young)  the  rib  is  about  1^  inches  in  length.  In 
the  two  first  of  these  cases  the  additional  rib  rested  on  the 
body  of  the  vertebi-a;  in  No.  11  there  seemed  to  be  also  a 
costo-transverse  articulation ;  in  the  third  case  (No.  7)  the  rib 
is  articulated  on  a  short  transverse  process.  In  neither  of  these 
three  cases  is  the  last  lumbar  vertebra  (24th  vertebra)  ossified 
to  the  sacrum.     Only  one  of  them,  however,  was  adult. 

Contrasting  these  costal  variations  in  the  gorilla  with  those 
in  man,  the  proportion  of  three  cases  of  lumbar  rib  in  twenty 
gorillae  is  large,  and  in  two  of  them  the  additional  rib  was  long. 
In  man  the  tendency  rather  is  to  diminution  in  size  of  the  12th 
rib,  a  condition  which  I  have  not  seen  in  the  13  th  (the  lowest 
normal  rib)  of  the  gorilla  The  occurrence  of  a  cervical  rib,  at 
least  in  a  stunted  form,  is,  in  my  experience,  more  frequent  in 
man  than  that  of  a  lumbar  rib,  but  in  none  of  these  twenty 
goriUae  was  there  a  cervical  rib.  If  a  conclusion  may  be  drawn 
from  so  limited  a  number  of  gorillae  skeletons  as  twenty,  it  would 
seem  that  the  tendency  in  the  thorax  of  the  gorilla  is  to  extend 
downwards,  either  by  size  or  number  of  ribs,  while  the  tendency 
of  the  human  thorax  is  rather  to  diminish  below ;  these  tenden- 
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cies  being  in  accordance  with  the  little  freedom  of  movement  of 
the  lumbar  region  in  the  gorilla  and  the  great  freedom  of  move- 
ment of  that  region  in  man. 

(B)  The  Articular  Processes. 

The  study  of  the  direction  of  the  articular  processes  in  the 
several  regions,  usually  regarded  as  a  rather  dry  part  of  humaji 
anatomy,  becomes  interesting  on  teking  a  wider  survey.  The 
fundamental  type  is  seen  throughout  the  vertebral  column  in 
reptiles  and  birds.  The  anterior  pair  form  a  trough,  the  pos- 
terior pair  a  wedge  fitting  into  the  trough ;  a  "  zygantrum  "  and 
a  "  zygosphene,"  using  these  tx)nvenient  terms  in  a  wider  sense 
than  that  in  which  they  are  applied  by  Owen  to  the  complex 
fitting  of  the  ophidian  vertebrae.  In  mammals  the  early  type 
is  retained  in  the  caudal  and  lumbar  regions  and  is  departed 
from  when,  more  or  less,  the  thoracic  region  is  reached,  simply 
by  rotation  outwards  of  the  processes.  It  is  thus  seen  that  in 
our  human  anatomy  the  lumbar  vertebrae,  not  the  dorsal,  should 
be  taken  as  the  type  in  respect  to  articular  processes,  and  that 
in  noticing  the  change  we  should  go  upwards,  not  downwcuxis, 
along  the  column* 

The  change  from  the  lumbar  type  indicates  adaptation  to 
different  conditions  of  movement.  The  dorsal  type  of  process 
allows  of  greater  variety  of  movement,  flexion  and  extension^ 
lateral  movement,  and  rotation,  while  the  lumbar  type  does 
not  allow  of  rotation  and  allows  of  less  lateral  movement  than 
the  dorsal  type  does.  It  becomes  of  interest,  therefore,  to 
notice  the  locality  of  the  change.  While  this  is  generally  deter- 
mined by  the  ribs,  there  are  among  mammals  some  marked 
exceptions  (noticed  in  This  Journal,  1874,  p.  59),  adaptations 
doubtless  to  exceptional  locomotion;  but  the  lumbar  type  is 
generally  continued  upon  several,  from  one,  or  more  usually 
from  two,  to  as  many  even  as  five  of  the  dorsal  vertebrae,  these 
generally  corresponding  to  where  the  ribs  are  small  or  less  firmly 
articulated,  and  the  change  may  take  place  suddenly  or  it  may 
be  effected  gradually  over  two  or  three  spaces.  In  man  the 
change  occurs  suddenly  between  the  last  two  ribs,  the  lower 
articular  processes  of  the  12th  doi'sal  vertebra  being  the  last  to 
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retain  the  lumbar  typa  Iq  the  gorilla  I  find  the  change  to  the 
dorsal  type  to  occur  usually  between  the  12th  and  13th  dorsal 
vertebrsB,  that  is,  a  vertebra  lower  than  in  man,  but  still,  as  in 
man,  between  the  last  two  ribs.  This  earlier  change  to  the 
dorsal  type  of  articular  process  in  the  gorilla  may  fairly  be 
inferred  to  be  determined  by  the  additional  rib  possessed  by  the 
gorilla.^ 

Gasee  of  vernation  of  the  loc&lity  in  which  the  artictdar 
processes  change  in  the  Oorilla.  The  conclusion  that  the 
usual  place  of  commencement  of  the  dorsal  type  in  the  gorilla 
is  between  the  12th  and  13th  dorsal  vertebrae  is  founded  on 
notes  taken  of  this  character  in  13  of  these  gorillse.  In  9  of 
these  it  was  strictly  so.  Of  the  four  cases  in  which  some 
change  to  the  dorsal  type  occurs  between  the  13th  and  14th 
dorso-lumbar  vertebrsB,  in  one  it  was  but  slight ;  it  one  (No.  13) 
there  was  a-symmetry  of  the  processes;  the  remaining  two 
(Nos.  18  and  19)  are  now  exhibited  to  the  Section.  No.  19  is 
my  case  of  the  thorax  placed  a  vertebra  lower  than  usual,  so 
that  the  change  to  the  dorsal  type  of  articular  procese,  although 
occurring  a  vertebra  lower  than  usual,  is  still  at  between  the 
last  two  ribs.  Of  No.  11  (case  of  the  occurrence  of  14  ribs)  it 
is  noted  that  the  dorsal  type  had  begun  between  the  14th  and 
16th  dorso-lumbar  vertebrae. 

In  making  the  observation  on  the  articulated  skeleton,  the 
processes  should  be  viewed  from  the  side  as  well  as  from  behind. 
If  viewed  from  behind  only,  the  more  inward  position  and  the 
projection  of  the  metapophysis  of  the  18th  dorsal  vertebra,  con- 

'  Sir  Richard  Owen,  in  his  masterly  memoirs  on  the  osteology  of  the  anthropoid 
apes  {Trans,  Zoo.  Sod.^  vols.  i.  to  v.,  1685-1862),  notices  the  articular  processes 
in  the  orang,  chimpanzee,  gorilla,  and  in  man  (rol.  iy.,  pp.  101,  108,  106),  to  the 
effect  that  (going  downwards)  modification  takes  place  in  the  orang,  as  in  man,  on 
the  lower  processes  of  the  12th  dorsal  vertebra,  but  not  on  the  corresponding  ver- 
tebra of  the  gorilla  and  chimpanzee  ;  that  a  change  of  position  takes  place  on  the 
lower  processes  of  the  18th  in  the  chimpanzee  similar  to  that  on  the  12th  of  man  ; 
and  that,  in  the  gorilla,  the  upper  processes  of  the  14th  <lst  lumbar)  become  more 
convex  and  oblique  in  position.  From  these  passing  notices  of  the  articular  pro- 
cesses I  inf^r  that,  in  the  gorilla  or  gorillae  from  which  he  described,  he  found 
the  ehange  from  the  lumbar  to  the  dorsal  type  of  articular  process  to  occur  in  the 
gorilla  between  the  12th  and  13th  dorsal  vertebrs,  the  locality  which  I  have 
Btated  to  be  the  usual  one.  But  Owen's  notice  of  the  upper  processes  of  the  14th 
in  the  gorilla  leaves  it  somewhat  uncertain  whether  he  was  not  describing  from  a 
variety  umilar  to  thai  of  No.  16  of  my  list,  to  be  noted  below. 
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cealing  the  true  articular  process  behind,  gives  the  appearance 
of  a  zygantrum  and  as  if  the  lumbar  type  was  continued  a 
vertebra  higher  than  it  really  is.  This  source  of  possible  error 
is  well  illustrated  in  the  male  skeleton  (No.  18)  now  before  the 
Section.  The  view  merely  from  behind  might  lead  to  the  con- 
clusion that  the  lumbar  type  is  continued  to  between  the  14th 
and  13th  and  even  between  the  13th  and  12th  vertebraB.  But 
on  separating  the  vertebrae  the  processes  between  the  13th  and 
14th  are  seen  in  this  gorilla,  as  above  referred  to,  to  be  mainly 
of  the  dorsal  type.  They  diflFer  from  those  of  the  vertebrae 
below  in  the  upper  processes  looking  backwards  and  being  very 
convex  from  side  to  side,  instead  of  being  flat  and  a  little  con- 
cave, and  diflFer  from  those  of  the  dorsal  vertebrae  in  being 
narrow  and  more  elongated  vertically,  as  well  as  more  convex 
transversely.  The  metapophysis  of  the  14th  quite  conceals  the 
articular  process  behind,  coming  so  close  in  to  the  vertebra 
above  that  there  is,  on  the  right  side,  a  small  articular  facet  on 
the  inner  aspect  of  the  metapophysis,  distinct  from  the  articular 
process,  this  facet  articulating  with  a  small  facet  on  the  outer 
side  of  the  lower  articular  process  of  the  vertebra  above. 
Merely  a  view  from  behind,  in  the  articulated  skeleton,  would 
be  sure  to  lead  to  the  error  of  concluding  that  the  articular  pro- 
cesses here,  between  the  13th  and  14th  dorso-lumbar  vertebrae, 
are  of  the  true  lumbar  type,  and  the  same  might  be  thought  of 
those  between  the  12th  and  13th  although  they  are  purely  of 
the  dorsal  type. 

Variation  in  the  locality  of  change  to  the  dorsal  type  of  arti- 
cular process  occurs  also  occasionally  in  man.  I  have  given  the 
particulars  of  ten  such  cases  (This  Jov/mcd,  1874,  pp.  57  to  69), 
to  which  only  a  general  reference  need  be  made  here  in  relation 
to  the  above  cases  in  the  gorilla.  In  five  of  them  the  change 
to  the  dorsal  type  takes  place  a  vertebra  higher  than  usual. 
In  three  of  these  the  12  th  rib  is  imperfectly  formed,  and  in  two 
the  processes  were  not  symmetrical.  In  a  sixth  case  the  pro- 
cesses, between  the  12th  dorsal  and  1st  lumbar,  are  exactly 
intermediate  between  the  two  types.  In  the  remaining  four 
cases  the  dorsal  t3rpe  begins  a  vertebra  lower  than  usual.  In 
two  of  these  there  are  13  ribs ;  in  one  the  processes  are  only 
mainly  dorsal ;  and  in  the  fourth,  a  robust  male  skeleton  free 
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from  deformity,  the  processes  at  that  space  (between  the  1 2th 
dorsal  and  1st  lumbar)  are  quite  a-symmetrical,  dorsal  on  one 
side,  lumbar  on  the  other  side,  those  of  the  vertebrae  above  and 
below  being  quite  symmetrical.  These  cases,  so  far,  seem  to 
show  that,  in  man,  with  imperfect  12th  rib  there  is  a  tendency 
not  to  begin  the  dorsal  type  of  articular  process  till  a  vertebra 
higher  than  usual,  and  that  when  a  13th  rib  is  present  the  ten- 
dency is  to  begin  the  dorsal  type  a  vertebra  lower  than  usual. 
The  occasional  a-symmetry  is  interesting  in  its  eflfect  on  the 
movements  possible.  In  observing  the  place  of  change  of  these 
processes  in  articulated  skeletons  both  sides  should  be  looked  to. 

ApproxiTnation  of  the  lurnbar  articular  processes,  down- 
wards,  in  the  OoriUa.  When  the  lumbar  region  of  the  gorilla 
and  that  of  man  are  viewed  together  from  behind,  the  contrast 
at  the  articular  processes  is  striking.  In  man  the  base,  in  the 
gorilla  the  apex,  of  the  pyramid  is  below.  This  in  man  is  in 
adaptation  to  the  broad  sacrum  and  the  easy  erect  posture.  A 
further  contrast,  accompanying  the  narrowing  zygosphene  in 
the  gorilla,  is  the  lessening  slope  of  its  sides.  In  man,  the  upper 
articular  processes  of  the  last  lumbar  vertebra  and  those  of  the 
sacrum  face  backwards  as  much  as  inwards,  while  in  the  lumbar 
vertebrae  above  the  5  th  the  inward  direction  of  these  processes 
is  the  chief  one,  sloping  a  little  more  as  we  go  downwards.  In 
the  gorilla  it  is  the  reverse.  The  upper  processes  in  man  are 
also  markedly  concave ;  in  the  gorilla  they  are  nearly  flat,  with 
very  little  concavity  till  the  lowest  is  reached. 

The  approximation  and  less  inclination  of  the  lumbar  pro- 
cesses in  the  gorilla  is  noticed  by  Owen  (loc,  cit,  vol.  iv.  pp. 
104,  105).  I  find,  however,  that  this  approximation  is  not  a 
constant  character  in  the  gorilla.  These  two  gorillse  (Nos.  18 
and  19)  present  the  extremes  of  the  variation.  In  the  female 
(No.  19)  there  is  no  approximation  till  the  sacro-lumbar  articu- 
lation is  reached.  The  greatest  breadth  of  the  zygosphene  on 
the  four  lumbar  vertebrae  respectively,  from  above  downwards, 
is  11, 11, 12,  and  10  lines.  In  the  male  (No.  18)  the  measure- 
ments at  the  corresponding  parts  are  19, 18, 15, 13  lines.  In 
the  only  other  female  in  which  this  observation  was  taken 
(No.  6)  there  is  the  same  absence  of  approximation  till  the 
sacro-lumbar  articulation  is  reached;  the  zygosphenes  of  the 
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three  vertebrae  above  the  lowest  are  of  equal  breadth,  that  of 
the  one  immediately  above  the  lowest  being,  indeed,  as  in  No^ 
19,  slightly  broader  than  those  of  the  two  above  it.  Among' 
the  seven  males  in  which  the  observation  was  taken  there  ^was 
much  variation,  except  that  the  approximation  is  always  marked 
at  the  lumbo-sacral  processes.  It  may  begin  from  the  1 4th 
(1st  lumbar,  the  14th  of  the  17  dorso-lumbar  vertebrae) ;  or 
from  the  15th ;  or  not  till  from  the  16th ;  and  in  one  instance 
(No.  16  in  the  list)  there  is  no  approximation  till  the  lumbo^ 
sacral  processes  are  reached. 

In  man,  the  widening  between  the  lumbar  articular  processes 
begins  generally  on  the  3rd;  is  marked  on  the  4th  by  an. 
increase  of  about  i  inch ;  and  at  the  lumbo-sacral  processes  the 
increase  may  be  as  much  as  ^  to  ^  inch. 

Oaaific  union  of  the  last  lumha/r  vertdyra  to  the  sacrv/m  im 
the  Gorilla,  This  subject  belongs  to  a  subsequent  communica-^ 
tion,  but  what  I  have  found  may  meanwhile  be  shortly  noted 
here.  From  the  observations  made  by  Owen  before  many 
gorilla  skeletons  had  been  obtained  (1835-1862)  the  impression 
appears  to  exist  that,  in  at  least  old  males,  the  last  lumbar 
vertebra  (24th  vertebra)  usually  becomes  ossified  to  the  sacrum 
in  the  gorilla.  Putting  aside  the  three  in  the  list  that  were 
either  young  or  not  quite  mature,  bony  union  of  the  vertebra  to 
the  sacrum  had  taken  place  in  8,  7  males  (Nos.  1,  3^  5,  9, 10, 16, 
20)  and  one  female  (No.  6).  Bony  union  had  not  taken  place 
in  9,  of  which  6  were  males  (Nos.  4,  8,  11, 14, 17,  18)  and  3 
females  (Nos.  2, 13, 19).  So  far  as  these  numbers  afford  a  basis 
for  inference,  this  synostosis  would  seem  to  occur  about  as  often 
as  not  in  the  male,  and  not  to  occur  often  in  the  female.  It  is 
not  possible  to  distinguish  exactly  between  adult  and  old.  In 
this  old  female  (No.  19)  the  sacro-iliac  joint  is,  as  above  noted, 
extensively  synostosed  on  the  left  side,  but  the  24th  vertebra  is 
free.  Of  the  two  males  in  the  Edinburgh  museums,  the  vertebra 
is  free  in  the  one  considered  to  be  "  old  "  (No.  17),  while  in  the 
one  considered  to  be  ''  adult "  (No.  16)  it  is  extensively  ossified 
to  the  sacrum,  behind  as  well  as  laterally^ 

Edinburgh,  August  1802. 


EXTKEME  ANOMALY  OF  THE  HEART  AND  GREAT 
VESSELS.  By  Ambrose  Bibminqham,  M.D.,  Professor 
of  ATtatoTYiyy  Catholic  University,  IrelanA, 

(BMd  to  the  Anfttomioal  Societ]r»  August  2,  1801) 

Fob  the  specimen,  the  description  of  which  follows,  I  am 
indebted  to  my  friend  Dr  Joseph  O'Carroll,  who  had  the  case 
under  observation  for  three  years  previous  to  death.  Dr 
O'Carroll  supplies  the  following  history:— 

J.  H.,  female,  aged  20  years  (occupation,  dealer  in  fish),  like  the 
other  members  of  her  family,  was  of  small  medium  stature;  had 
long  but  clubbed  fingers ;  was  cyanotic  in  appearance.  On  examina- 
tion she  presented  a  loud^  harsh,  systolic  murmur,  audible  from  the 
2nd  right  intercostal  space  downwards  for  2  inches  below  right  nipple, 
and  into  the  right  axilla.  The  second  sound  was  loud,  sharp,  and 
accompanied  by  a  beat  in  the  2nd  right  interspace,  easily  felt  by  the 
hand.  Sufiered  from  metrorrhagia  when  15;  got  well  after  a  time. 
Suffered  from  occasional  attacks  of  dyspnoea,  which  passed  away  after 
rest  in  bed.  At  18  got  a  new  attack  of  metrorrhagia;  brought  to 
hospital  in  an  exhausted  condition ;  treated  by  curetting  and  iodine 
injections  into  the  uterus;  four  days  later  got  right  hemiplegia. 
Imperfect  separation  of  cavities  of  heart  diagnosed.  Recovered  from 
hemiplegia  in  a  few  months.  Returned  a  year  later,  suffering  from 
grave  dyspnoea  and  pain  in  the  left  side ;  died  in  a  month.  Pod- 
mortem: — Abdominal  organs  normal;  pelvic  viscera  smaller  than 
usual ;  lungs  tubercular,  especially  left.  Heart  and  great  vessels  as 
described  below. 

I  received  the  heart  and  lungs,  with  portions  of  the  trachea, 
aorta,  and  oesophagus. 

At  first  sight  the  case  seemed  to  be  one  of  simple  dextro- 
cardia, or  transposition  of  the  parts  of  the  heart,  without  any 
change  in  the  condition  of  the  viscera  generally,  for,  as  pointed 
out  above  in  the  post-mortem  examination,  the  lungs  and 
abdominal  viscera  were  anatomically  normal,  the  chief  anomalies 
being  confined  to  the  heart  and  great  vessels.  They  may  be 
here  summarised ;  they  are  described  at  length  below. 

The  apex  of  the  heart  is  directed  to  the  right;  the  whole 
organ  is  twisted  on  its  long  axis,  the  left  margin  coming 
forward  so  that  the  anterior  surface  is  formed  by  the  two  ven- 
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tricles  in  almost  equal  proportions.  The  aorta  comes  off  from 
the  right  ventricle  in  the  position  normally  occupied  by  the 
pulmonary  artery ;  it  curves  over  the  root  of  the  right  lung, 
forming  a  right  aortic  arch ;  the  pulmonary  artery  arises  from 
the  same  ventricle,  its  orifice  being  placed  midway  between 
base  and  apex  among  the  columnse  carnese,  and  its  lumen  being 
reduced  to  a  diameter  of  nearly  quarter  of  an  inch.  There  is  a 
large  aperture,  admitting  a  thumb,  in  the  upper  and  anterior 
part  of  the  ventricular  septum ;  through  this  the  two  ventricles 
communicate  freely.  No  artery  arises  from  the  left  ventricle. 
There  is  only  a  trace  of  the  septum  of  the  auricles ;  the  two 
cavities  communicate  with  perfect  freedom ;  the  two  auricular 
appendices  lie  side  by  side  to  the  left  of  the  base  of  the  heart, 
and  do  not  embrace  the  arterial  trunks.  The  left  superior  cava 
is  persistent  and  pervious. 

On  looking  at  the  heart  (fig.  1),  it  is  seen  at  once  that  the 
apex  is  directed  to  the  right ;  and  further,  that  it  is  formed  by 
the  tip  of  the  right  ventricle  and  the  interventricular  septum. 
The  base  is  directed  upwards  and  to  the  left.  The  left  margin 
approaches  the  horizontal  in  position,  and  is  apparently  the 
margo-acutus,  being  much  sharper  than  the  right.  The  anterior 
interventricular  groove  is  somewhat  nearer  to  the  left  margin 
than  to  the  right,  while  the  posterior  groove  divides  the  posterior 
surface  almost  equally,  lying  perhaps  a  little  nearer  to  the  right 
than  to  the  lefb  margin.  From  the  front,  the  right  ventricle  is 
the  more  evident ;  from  behind,  nearly  equal  portions  of  both 
are  seen. 

At  the  base  on  the  right  side,  where  the  auricular  appendix 
is  normally  found,  no  trace  of  an  appendix  can  be  seen ;  while 
on  the  left  side  there  are  apparently  two  appendices,  placed  side 
by  side,  to  the  left  of  the  arterial  trunks  (R.A.A  and  L.A.A). 

The  aorta  (A)  comes  off  from  the  heart  at  the  position  usually 
occupied  by  the  pulmonary  artery,  namely,  it  springs  from  the 
upper  angle  of  the  base  of  that  ventricle  which  lies  to  the  right 
of  the  interventricular  groove.  From  its  origin  it  arches  back- 
wards  over  the  root  of  the  right  lung,  and  runs  down  on  the 
right  side  of  the  vertebral  column,  constituting  a  right  aortic 
arch.  Its  concavity  is  connected  by  an  impervious  ductus 
arteriosus   with   the  pulmonary  artery,   to   the   right   of   the 
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bifurcation  of  that  trunk.  The  right  recurrent  nerve  paases 
backwards  on  the  outer  side  of  the  ductus  arteriosus,  and, 
winding  round  the  arch  of  the  aorta,  passes  up  to  the  laiynx. 
From  this  it  would  seem  that  the  ventricle  which  lies  to  the 
right  of  the  interventricular  groove  is  the  representative  of  the 
normal  left  ventricla  Whether  this  conclusioD  would  be  correct 
or  the  reverse  will  be  seen  later. 

The  auricular  portion  of  the  heart  is  extremely  irregular. 
On  the  right  aide  there  are  two  cavsa,  inferior  and  superior, 


Flo.  1.— AT,  Bight  vantricle.  L.V,  Left  ventricle.  R.A.A,  Right  aaricnUr 
ajqwndii.  L.A.A,  Left  snricular  appondii.  F,  Hbsb  of  fat.  A,  Aorta. 
l.A,  Left  ionominata  art«ry.  C,  Right  carotiJ.  S,  Right  anboUvian,  P, 
Pnlmonsry  artery  and  its  divisione.  S.O,  Right  auprior  cava.  L.C,  Left 
mperior  cava.     V,  PnlmoDuy  veins.     T,  Trachea.     L,  Liinga.     (fVont  n 

running  normal  courses ;  the  latter  receives  the  arch  of  the 
^ygos  major  veins.  These  two  cavEe  open — the  one  below,  the 
other  above — into  a  cavity  which  occupies  the  position  normally 


142  BB  AMBROSE  BIRMINGHAM. 

occupied  by  the  atrium  of  the  right  auricle,  but  here  no  more  of 
the  auricle  is  represented,  there  being  on  this  side  no  trace  of 
an  auricular  appendix. 

Following  the  auricles  round  to  the  back,  we  see  what  appears 
to  be  the  posterior  surface  of  a  normal  left  auricle  receiving  the 
pulmonary  veins  in  the  ordinary  manner.  We  further  see  that 
this  surface  is  crossed  by  a  previous  left  superior  cava  (L-CX 
which  is  flattened  out  to  a  width  of  about  half  an  inch,  and  is 
bound  to  the  back  of  the  auricle  by  epicardium.  Following  this 
auricle  round  to  the  front,  we  find  it  continued  into  a  tj^ical 
left  auricular  appendix  (L.A.A),  which  is  distinctly  seen  when 
the  heart  is  viewed  from  the  front.  The  pulmonaiy  veins  are 
quite  normal. 

Between  the  left  appendix  and  the  aorta,  which  it  will  be 
remembered  occupies  the  position  of  the  normal  pulmonary 
artery,  is  a  large  mass  (B.A.A)  resembling  a  right  auriciilar 
appendix  in  appearance.  This  can  be  traced  to  the  right  behind 
the  aorta  and  pulmonary  trunks  to  the  atrium  of  the  right 
auricle.  As  will  be  seen  later,  when  the  interior  of  the  auricles 
is  described,  this  is  really  the  right  auricular  appendix  which 
has  grown  across  behind  the  arterial  trunks,  away  from  its 
normal  position,  and  has  reached  the  left  appendix,  by  the  side 
of  which  it  now  lies.  So  that  the  two  arterial  trunks  are  not 
embraced  by  the  auricles,  but  lie  to  the  right  and  in  front  of 
them.  At  this  part  also  is  seen  a  large  triangular  projection 
lying  to  the  left  of  the  first  part  of  the  aorta  (F) ;  it  looks  like 
a  third  auricular  appendix,  but  on  cutting  into  it,  it  proves  to 
be  a  mass  of  fat  covered  with  epicardium. 

The  pulmonary  artery  (P)  lies  at  its  origin  behind  and  to  the 
right  of  the  aorta.  It  is  narrower  in  calibre  than  usual,  being 
under  f  of  an  inch,  while  the  aorta  is  over  an  inch  (outside 
measurements).  On  the  surface  it  springs  from  the  base  of  the 
ventricular  mass  behind  and  to  the  right  of  the  aorta.  It  runs 
upwards  with  a  slight  inclination  to  the  left  for  about  1^  inches, 
and  then  bifurcates  into  right  and  left  branches ;  the  left  is  the 
larger ;  it  passes  under  the  arch  of  the  aorta  to  reach  its  lung. 
The  ductus  arteriosus  is  attached  to  the  right  branch. 

The  aorta,  which  curves  to  the  right  side  of  the  vertebral 
column,  gives  off  three  branches ;  the  first  is  a  left  inuominate 
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(LA)  which  divides  into  eubolavian  and  common  carotid ;  the 
second  is  the  right  common  carotid  (C) ;  the  third  the  right 
subclavian  (S). 

There  is  a  persistent  left  superior  cava  (LC),  which  is  about 
one-third  the  diameter  of  the  right  superior  cava ;  it  receive^ 
the  arch  of  a  left  azygos  vein  which  comes  over  the  root  of  the 
left  lung^  and  then  passes  down  in  front  of  the  pulmonary 
vessels,  winds  round  to  the  hack  of  the  left  auricle^  and  is 
finally  continued  into  the  coronary  sinus,  which  opens  in  its 
usual  position. 

I  opened  the  ventricles  by  anterior  and  posterior  incisions  made 

in  eadi  case  along,  and  close  to,  the  interventricular  septum. 

The  cavity  of  the  left  ventricle  is  somewhat  smaller  than  that 

of  the  right;  on  transverse  section  it  would  be  more  or  leas 

circular ;  the  right  would  be  oval,  not  crescentic»    The  moulding 

of  the  right  round  the  side  of  the  left,  usually  seen,  is  not 

noticeable.    The  septum  is  not  nearly  so  oblique  as  normal ;  it 

divides  the  ventricular  cavity  more  directly  than  in  the  ordinary 

condition,  and  the  bulging  into  the  right  ventricle  is  absent. 

The  walls  of  the  left  ventricle  are  slightly  stouter  than  those  of 

the  right,  except  near  the  base,  where  the  thickness  of  the  right 

exceeds  that  of  the  left,  but  this  is  owing  to  the  addition  of 

special  thickening  ridges  at  this  part    In  general,  the  difference 

in  thickness  on  the  two  sides  is  not  great.    The  wall  of  the 

light  is  much  the  more  spongy  in  character ;  this  is  particu- 

kurly  the  case  as  the  cavity  is  approached.    The  general  appear* 

ance  of  the  walls  of  the  right  and  l^ft  ventricles,  when  viewed 

internally,  corresponds  pretty  closely  to  that  of  the  walls  of  the 

same^named  cavities  of  a  normal  heart. 

The  interveut^cula,  septum  preaente  a  Btriking  anomaly-, 
namely,  it  is  deficient  in  its  upper  and  anterior  part ;  here  there 
is  a  large  aperture  which  admits  a  thumb.  The  aperture  is 
placed  close  to  the  anterior  wall  of  the  heart,  and  is  bounded 
below  aud  behind  by  the  thickened  rounded  margin  of  the  septum. 
No  artery  springs  firom  the  left  ventricle;  and,  besides  the 
abnormal  foramen  in  the  septum,  the  only  other  opening  into  it 
is  that  of  the  left  auricle,  which  is  &irly  normal,  and  guarded  by 
a  well-<ieveloped  mitral  valve,  the  musculi  papillares  of  which 
are  not  as  powerful  as  usual    This  orifice  is  placed  closer  to  the 
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interventricular  septum  than  in  the  normal  heart,  owing  to  the 
absence  of  the  origin  of  the  aorta  from  the  ventricle.  It  also 
might  be  noted  that  the  large  anterior  flap  of  the  mitral  valve 
separates  it,  not  from  the  aortic  orifice,  but  from  the  foramen 
in  the  septum,  quite  close  to  which  it  is  placed. 

On  looking  into  the  right  ventricle,  the  opening  of  the  right 
auricle,  guarded  by  a  tricuspid  valve,  is  a  prominent  object, 
situated  at  the  posterior  part  of  the  base ;  in  front,  and  slightly 
to  the  left  of  this,  the  aortic  orifice,  with  its  semilunar  valve, 
is  seen ;   and  crossing  between  the  two  openings,  a  prominent 
muscular  ridge  of  large  size.     This  ridge  springs  from   the 
septum  immediately  behind  the  foramen,  it  courses  to  the  right, 
lying  between  the  aortic-  and  auriculo-ventricular  orifices,  and 
runs  down  on  the  right  side  of  the  ventricle,  where  it  ends  mid- 
way between  base  and  apex,  by  breaking  up  into  columnse 
cameae.    This  ridge  is  highly  developed,  and  it  probably  fulfils 
some  important  function — perhaps  it  helps  to  cut  oflf  from  the 
rest  of  the  right  ventricle,  during  the  contraction  of  the  heart, 
that  part  with  which  the  aorta  is  connected,  and  thus  brings 
the  aortic  orifice  into  functional  connection  with  the  foramen  in 
the  septum,  and  through  it  with  the  left  ventricle. 

Even  after  a  most  careful  search,  no  trace  of  the  pulmonary 
orifice  could  be  found  within  the  ventricle  until  the  artery  was 
opened  outside  the  heart  and  a  probe  passed  down  through  it 
The  pulmonary  orifice  was  then  found  nearly  half-way  between 
base  and  apex,  and  slightly  posterior  to  the  right  margin  of  the 
heart.  It  is  of  small  size,  elongated  oval  in  shape,  and  it  looks 
like  a  rather  large  depression  between  the  columnsB  carnesB,  two 
of  which,  strongly  developed,  bound  it  at  the  sides.  From  this 
obscure  openiug  a  tunnel  nms  up  in  the  substance  of  the 
ventricular  wall  for  an  inch  and  a  quarter  towards  its  base ;  here, 
behind  and  a  little  to  the  right  of  the  line  of  the  aorta,  the 
vessel  becomes  free,  and  appears  as  the  pulmonary  artery  proper 
outside  the  heart.  At  this  point,  or  immediately  before  it 
becomes  free,  it  is  guarded  by  a  valve  of  an  unusual  shape. 
This  valve  was  evidently  formed  originally  of  three  semilunar 
flaps ;  these  have  been  prolonged  upwards  into  the  vessel,  and 
have  become  united  by  their  sides,  reducing  the  lumen  to  a 
very  small  size,  and  by  their  union  and  prolongation  forming  a 
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structure  of  a  truncated  funnel  Bbapie,  with  its  narrow  part 
running  up  for  some  distance  into  the  trunk  of  the  artery.  The 
lumen  of  the  valve  is  so  much  reduced  that  it  only  admits  a 
wooden  cylinder  of  five-sixteenths,  or  little  more  than  quarter 
of  an  inch  in  diameter ;  while  the  aotta  is  fully  three-quarters 
of  an  inch  in  diameter  internally.  Three  sinuses  of  Valsalva  are 
present  above  the  valve. 

The  tricuspid  valve  guarding  the  right  auriculo-ventricular 
orifice  is  well  developed:  one  flap  lies  against  the  septum, 
chiefly  behind  but  partly  overlapping  the  foramen;  a  second 
flap  is  placed  close  to  the  right  margin  of  the  heart ;  while  the 
third  flap,  which  evidently  corresponds  to  the  infundibular  flap 
of  the  normal  valve,  is  of  large  size,  and  hangs  down  between 
the  auricular  opening  and  that  of  the  aorta  which  lies  in  front 
of  it.  The  segments  are  quite  normal,  except  that  the  infun- 
dibular one  separates  the  auriculo-ventricular  orifice  from  the 
aorta  instead  of  from  the  pulmonary  artery ;  this  irregularity  is 
explained  by  the  &ct  that  the  aorta  arises  from  the  right  ven- 
tricle, at  the  site  usually  occupied  by  the  pulmonary  artery, — 
that  is,  it  comes  off  from  the  upper  and  anterior  part  of  the 
ventricle  quite  close  to  the  septum.  It  is  here  guarded  by  a 
normal  valve  of  three  segments. 

Below  the  aortic  orifice  there  is  a  considerable  portion  of  the 
upper  and  anterior  part  of  the  ventricle,  which  seems  to  be 
more  or  less  distinctly  marked  off  from  the  rest  of  the  cavity, 
both  structurally  and  functionally.  It  is  bounded  behind,  first 
by  the  strongly  developed  muscular  ridge  which  crosses  the 
base  of  the  ventricle  between  the  aortic  and  auriculo-ventricular 
orifices,  and  more  posteriorly  by  the  large  anterior  flap  of  the 
tricuspid  valva  In  front  this  space  is  marked  off  from  the 
general  cavity,  to  some  extent,  by  a  slightly  developed  muscular 
ridge,  which,  beginning  at  the  septum,  crosses  on  the  anterior 
wall  just  in  front  of  the  aortic  opening.  On  its  left  side  is  the 
foramen  in  the  septum.  This  portion  of  the  ventricle  just 
described,  even  in  appearance,  seems  to  differ  from  the  rest ;  it 
looks  like  a  separate  little  chamber,  incompletely  partitioned  off 
from  the  ventricle  to  form  a  vestibule  for  the  aortic  trunk. 
Into  this  vestibule  on  its  left  side  opens  the  left  ventricle 
through  the  foramen  in  the  septum,  from  it  above  springs  the 
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aorta,  while  it  itself  forms  the  channel  of  communication 
between  the  two.  The  walls  of  this  chamber  are  much  thicker 
than  those  of  the  rest  of  the  right  ventricle. 

As  to  the  auricles : — On  opening  the  right  atrium  it  is  seen 
at  once  that  the  septum  auriculorum  is  almost  completely 
absent,  its  only  representative  being  a  veiy  thin  ridge,  about  a 
quarter-inch  high,  which  runs  along  the  line  of  separation 
between  the  two  auricles  except  above  and  in  front;  it  is 
distinctly  marked  in  the  interval  between  the  auriculo-ven- 
tricular  openings.  I  do  not  think  that  this  is  merely  a  patent 
foramen  ovale ;  it  seems  to  be  rather  a  deficiency  of  the  primary 
interauricular  septum.  It  will  admit  three  fingers  quite  freely. 
Now  it  can  also  be  seen  that  the  cavity  of  the  right  atrium  is 
continued  to  the  left,  behind  the  pulmonary  artery  and  aorta, 
into  the  large  appendix  seen  on  the  front  of  the  heart  between 
the  aorta  and  the  left  appendix,  and  described  above  as  the 
displaced  right  auricular  appendix.  At  the  lower  part  of  the 
right  auricle  is  seen  the  opening  into  the  right  ventricle,  which 
appears  quite  normal;  and  between  this  and  the  aperture  of 
the  normal  inferior  cava,  in  the  position  usually  occupied  by  the 
orifice  of  the  coronary  sinus,  is  found  the  termination  of  the  left 
superior  cava,  opening  under  a  well-developed  single  valve,  the 
concavity  of  which  is  directed  downwards.  The  interior  of  the 
left  auricle  is  normal  but  for  the  absence  of  the  interauricular 
septum. 

In  such  a  case  as  this,  three  questions  naturally  suggest 
themselves :  First,  How  can  the  production  of  the  abnormal 
conditions  be  explained  ?  Secondly,  How  was  the  circulation 
carried  on  through  the  heart?  And  thirdly.  What  is  the 
explanation  of  the  physical  signs  observed  during  life?  The 
method  of  production  of  most  of  the  anomalies  present  can  be 
readily  explained  by  a  reference  to  the  development  of  the 
heart  and  great  vessels ;  and  they  may  all  be  put  down  as  errors 
in  development  or  persistence  of  foetal  conditions.  But  as  to 
their  primary  cause,  I  fear  we  can  say  but  little. 

The  foramen  in  the  interventricular  septum  is  due  to  the 
persistence  of  a  condition  which  is  normal  in  the  foetus  for  a 
short  time  during  the  development  of  the  heart  It  will  be 
remembered  that  this  septum  ventriculorum  is  built  up  from 
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three  sources :  first,  a  strong  ridge  grows  up  from  the  bottom 
of  the  common  ventricalar  cavity — the  septum  inferius ;  this  is 
the  chief  factor.  As  it  passes  up  in  front  of  the  orifice  of  the 
dividing  auricle,  it  is  joined  by  a  prolongation  forwards  from 
the  endo-cardial  cushious  which  separate  the  common  auricular 
orifice  into  two;  this,  with  possibly  another  element  added  from 
the  floor  of  the  auricle,  is  the  septum  intermedium.  When  it 
has  joined  with  the  septum  inferius,  the  ventricles  are  separated 
completely  except  above  and  in  front ;  here  there  still  exists  an 
aperture  corresponding  in  position  to  the  abnormal  foramen  in 
the  heart  which  I  describe.  This  aperture  is  finally  closed  by 
the  lower  part  of  the  septum  which  divides  the  aortic  bulb  into 
aorta  and  pulmonary  artery;  this,  under  the  name  of  the  septum 
superius,  joins  the  septa  inferius  and  intermedium,  aud  com- 
pletes the  division  between  the  two  ventricles,  forming  the  pars 
membranacea  sepfci  of  the  adult.  The  septum  of  the  bulb 
undergoes  a  peculiar  rotation  as  it  descends ;  above  it  is  at  right 
angles  to  the  septum  inferius ;  as  it  grows  down  it  twists  rouod, 
and  finally  runs  in  the  same  plane  as  this  latter  septum.  Now, 
a  foramen  in  the  adult  ventricular  septum  may  be  due  either  to 
deficient  downward  growth,  or  to  imperfect  rotation  of  the 
septum  bulbL  I  am  inclined  to  think  that  the  latter  is  the 
correct  explanation  in  this  case,  for  the  septum  seems  to  have 
undergone  scarcely  any  rotation.  The  absence  of  this  rotation 
also  explains  the  origin  of  the  aorta  from  the  right  ventricle. 
The  septum  bulbi  lies  behind  the  aorta,  and  runs  nearly  trans- 
veisely;  had  its  right  margin  rotated  forwards  below,  it  would 
have  pushed  the  aorta  over  to  the  left,  throwing  it  into  connec- 
tion with  the  left  ventricle,  and  at  the  same  time,  by  its  union 
with  the  septum  inferius,  it  would  have  completed  the  septum 
ventriculorum,  and  cut  off  the  aorta  completely  from  the  right 
ventricle,  throwing  the  part  of  that  cavity  which  I  described  as 
the  aortic  vestibule  into  the  left  ventricla  From  this  it  is 
apparent  that  the  right  ventricle  in  this  case  is  a  compound 
cavity  made  up  not  only  of  right  ventricle  proper,  but  also  of  a 
portion  of  the  left  cavity,  which  should  have  been  shut  off  from 
it  by  the  descending  septum  bulbi. 

The  right  aortic  arch  is,  of  course,  explained  by  the  persist- 
ence of  the  right  instead  of  the  left  fourth  arterial  arch ;  in  such 
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a  condition  the  first  branch  of  the  aorta  will  naturally  be  a  left 
innominate,  developed  from  the  ventral  root  of  the  right  arches, 
and  the  right  carotid  and  subclavian  will  follow  in  this  order. 

The  peculiar  condition  and  position  of  the  internal  orifice  of 
the  pulmonary  artery  I  am  at  a  loss  to  account  for,  unless  it  be 
due  to  a  partial  persistence  of  the  foetal  trabecular  condition  of 
the  interior  of  the  ventricle. 

The  free  communication  between  the  two  auricles  is  explained 
as  an  almost  complete  absence  of  the  auricular  septum.  It 
might  be  unwise  to  suggest  what  part  of  the  septum  has  failed, 
while  a  certain  amount  of  doubt  still  exists  as  to  its  true  forma- 
tion ;  but  it  is  perhaps  worth  remaurking  that  there  is  complete 
absence  of  the  partition  above  and  in  front,  while  it  is  best 
developed  behind  and  below  between  the  two  auriculo-ventri- 
cular  orifices,  where  His  describes  the  growth  upwards  of  a 
crescentic  fold  (connected  with  the  septum  intermedium),  which 
Born  has  not  found. 

The  position  of  the  two  auricular  appendices  lying  together 
at  the  left  side  of  the  base  of  the  heart  may  be  explained  by 
the  failure  of  the  developing  appendices  to  embrace  the  aortic 
bulb, — that  is,  the  arterial  trunks, — owing  to  the  abnormal 
position  of  these  to  the  right  of  their  usual  site.  No  special  re- 
ference need  be  made  to  the  condition  of  the  left  superior  cava. 

These  are  the  explanations  of  the  method  in  which  the 
anomalies  were  brought  about.  I  wish  I  could  give  some 
adequate  explanation  of  the  primary  cause  which  produced  these 
results.  This,  I  fear,  I  cannot  do.  To  me  it  appears  that  the 
great  error  in  this  case  must  be  attributed  to  the  septum  bulbi ; 
if  it  had  developed  normally,  many  of  the  irregularities  would 
have  come  right.  Still,  there  is  seen  throughout  the  whole 
organ  a  sluggishness  of  development  which  must  have  had  some 
general  inherited  cause. 

Regarding  the  second  question — How  was  the  circulation 
carried  on  in  the  heart  during  life  ? — ^it  should  be  remembered 
that  the  patient  lived  to  the  age  of  twenty  years,  and  during  a 
great  portion  of  that  time  was  employed  in  a  fairly  laborious 
occupation.  To  enable  her  to  live  and  work  up  to  this  age,  the 
circulation  within  the  heart  must  not  have  been  so  chaotic  as  a 
look  at  the  organ  would  suggest.    That  the  blood  in  the  two 
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auricles  mixed  to  some  extent  I  have  no  doubt  (the  bemiplefpA 
foUowing  curetting  of  the  uterus  favours  thia  view),  but  that 
the  mixture  was  not  very  great  I  am  ^troDgly  of  opinion.  I 
believe  that  the  blood  returned  from  the  lungs  was  drawn 
through  the  left  auricle  by  the  auction  of  the  left  ventricle,  and 
that  the  impure  blood  returned  by  the  cava;  was  similarly  drawn 
through  the  right  auricle  without  much  mingling  of  the  two 
6oods.  That  all  the  blood  which  entered  the  left  ventricle  must 
hare  passed  out  of  it  through  the  foramen  In  the  septum  is  evi- 
dent, as  there  is  no  other  opening  into  the  ventricle  except  the 


Fig.  2.— R.4,  Right  ftoriclo.  L.A,  Left  auricle.  B.y,  Right Tentricle.  l.V, 
Left  yentriele.  A,  Aorta.  P.V,  Pnlnionary  veiii»,  CO,  Vcnie  cbtb. 
P.A,  Fnlmanary  arteiy.  X.X,  Tricuiipid  and  mitral  valvea.  Between  0 
and  0  the  forameu  in  the  Beptnm.  The  atrocs  indicate  the  probnble  conrae 
of  the  blood-cnrrent    Tbe  crosaing  of  arrows  indicatsa  a  miiture  of  currents. 

Talved  mitral  orifice.  It  is  also  probable  that  this  blood  sent 
through  the  septum  into  the  right  ventricle  did  not  mix  to  any 
great  extent  with  the  impure  blood  of  that  cavity,  but,  on  the 
contrary,  that  it  paased  direct  from  the  foramen  in  the  septum 
into  the  beginning  of  the  aorta,  through  the  special  compart- 
ment of  the  right  ventricle  which  I  have  previously  described 
as  the  aortic  vestibule.  The  blood  in  the  two  ventricles  must 
have  been  under  a  similar  pressure  during  the  contraction  of 
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the  heart,  owing  to  the  free  communication  between  them ;  and 
hence  the  fact  that  the  wall  of  the  right  is  almost  as  thick  as 
that  of  the  left  ventricle. 

The  quantity  of  blood  returned  to  the  right  auricle  by 
the  cavse  must,  of  course,  have  been  the  same  as  that  which 
left  the  heart  by  the  aorta.  If  this  blood  passed  down  to  the 
right  ventricle  without  much  mixture  with  the  contents  of  the 
left  auricle,  as  I  suggest,  the  right  ventricle  would  have  had  to 
eject  at  each  systole  as  much  blood  as  passed  through  the  aorta 
at  each  contraction  of  the  ventricles.  How  it  could  do  this  it  is 
difficult  to  see,  if  the  aorta  be  filled  from  the  left  ventricle 
through  the  abnormal  foramen,  and  if  it  be  remembered  that 
the  orifice  of  the  pulmonary  artery  was  little  more  than  J  of  an 
inch  in  diameter,  while  that  of  the  aorta  was  about  |  of  an  inch. 
Still,  I  believe  that  it  did  get  rid  of  this  large  quantity  of  blood 
by  sending  a  small  part  of  it  into  the  aorta,  and  the  greater 
part  through  the  pulmonary  artery,  small  though  it  be;  for,  as 
pointed  out  above,  the  pressure  in  both  ventricles  must  have 
been  equal,  the  resistance  oiBFered  by  the  pulmonary  circulation 
was  very  small  as  compared  with  that  offered  by  the  general 
circulation :  as  a  result,  I  think  I  am  correct  in  saying  that  the 
flow  through  the  pulmonary  orifice  must  have  been  much  faster 
than  that  through  the  aorta,  and  that  consequently  a  larger 
quantity  of  blood  could  be  sent  into  the  pulmonary  artery  than 
might  be  thought  possible  at  first  sight.  Thus  the  greater  part 
of  the  blood  collected  in  the  right  ventricle  was  sent  off  to  the 
lungs  for  aemtion ;  and  notwithstanding  the  deficiencies  in  the 
septa,  and  the  small  size  of  the  pulmonary  orifice,  the  circula- 
tion was  kept  in  a  condition  of  moderate  efficiency  (see  fig.  2, 
which  shows  this,  in  diagram). 

One  word  as  to  the  cause  of  the  physical  signs.  The  loud, 
harsh,  systolic  murmur  was  possibly  due  to  the  rush  of  the  blood, 
driven  by  the  powerful  right  ventricle  through  the  narrowed  pul- 
monary valve,  and  also  by  the  rapid  flow  through  the  foramen 
iu  the  septum.  The  loud,  sharp,  second  sound,  accompanied  by 
a  beat  felt  with  the  hand,  may  have  been  due  to  the  superficial 
position  of  the  aorta,  and  to  the  high  pressm'e  in  the  pulmonary 
artery  acting  on  its  valve. 


S^Dumal  o!  ^natom^  anti  i^^folog?. 


ON  THE  OCCURRENCE  OF  A  JACOBSON'S  ORGAN. 
WITH  NOTES  ON  THE  DEVELOPMENT  OF  THE 
NASAL  CAVITY,  THE  LACHRYMAL  DUCT,  AND  THE 
HARDERIAN  GLAND  IN  CMOCODILUS  POROSUS. 
By  Alexander  Meek,  B.Sa,  F.Z.S.    (Plate  X.) 

(From  the  Anatomical  Institute,  Freiburg  in  Baden.)  ^ 

In  the  beginning  of  1891,  Professor  Howes,  in  a  communication 
on  the  nasal  region  of  the  skull  of  certain  Crocodilia,  dealing 
particularly  with  the  relations  of  the  vomers,  showed  good  reason 
for  supposing  that  two  small  sacs  supported  by  cartilaginous 
walls  and  "lying  within  the  embrace  of  the  prepalatine 
foramina"  in  a  young  specimen  of  Alligator  miasiBaipeTiais 
were  all  that  remained  of  Jacobson's  organs.  These  sacs  were 
connected  to  the  vomers  by  ligameut,  and  he  pointed  out  that 
in  certain  other  genera  and  species  the  same  ligament  extended 
forwards  from  the  vomer  to  the  premaxillo-maxillary  suture, 
the  cartilaginous  sacs  being  absent.  The  sacs  he  held  to  be 
homologous  to  the  forward  enlargements  of  the  vomers  which  lie 
in  the  premaxillo-maxillary  sutures  of  the  black  caiman. 

The  occurrence  of  Jacobson's  organ  in  a  very  young  example 
of  Crocodilua  porosua  has  since  been  demonstrated  by  Dr 
Sluiter'  of  Amsterdam.  He  confesses  to  having  experienced 
great  difficulty  in  getting  a  stage  in  which  it  presented  a  typical 
form.  Dr  Beard  failed  to  find  it  in  an  embryo  that  he  examined,' 
and  all  that  I  can  say,  after  examining  a  comparatively  rich 
series  of  embryos  of  the  same  species,  is  that  I  can  only  find  a 
rudimentary  trace  of  the  organ ;  and  indeed,  that  had  it  not  been 
for  the  discovery  of  Sluiter,  I  should  have  said  it  was  altogether 
absent. 

1  Proc  Zool.  Soc,  1891,  p.  148.  »  Anat,  Ajueiger,  1892,  p.  640. 

*2ool.  t/aArft.,vl889,  p.  772. 
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These  embryos  were  kindly  placed  at  my  disposal  by  Profesaor 
Wiedersheim,  along  with  certain  preparations  which  had  already 
been  made  by  Dr  Carl  Rose,  and  I  beg  to  take  this  opportunity 
of  returning  my  warmest  thanks  to  these  gentlemen. 

I  propose  in  the  following  pages  to  record  the  notes  I  ha?e 
made  on  the  general  changes  undergone  by  the  nasal  cavity, 
pointing  out  what  I  take  to  represent  Jacobson's  Organ,  and  to 
add  observations  on  the  development  of  the  Lachrymal  Duct 
and  the  Harderian  Gland. 

I.  The  Ifasal  Cavity  and  Jacohaon's  Organ. 

I  am  sorry  that  it  is  impossible  for  me  to  give  other  than 
empirical  stages,  as  determined  by  the  (largest)  longitudinal 
measurement  of  the  head ;  as  my  specimens,  for  the  most  part, 
consisted  of  heads  only.  But  if  the  excellent  drawings  of 
Parker  ^  be  compared,  it  will  be  easy  to  arrive  at  an  approximate 
conclusion  in  regard  to  the  length  of  the  embryo  in  each  case. 
All  my  sections  are  transverse,  except  the  very  youngest,  which 
are  longitudinal. 

let  Stage — 5  tnm, — ^The  beak  is  very  short,  and  the  nasal  sacs, 
already  completely  formed,  correspondingly  so.  It  will  be  seen 
from  fig.  1  that  the  anterior  and  posterior  nares  are  very  close 
to  one  another.  Both  are  narrow  openings,  and  the  sac  they 
lead  into  is  very  simple.  It  extends  blindly  upwards,  as  shown 
in  the  figure,  expanding  laterally  at  the  same  time ;  and  this 
part  is  provided  with  a  thick  wall  of  epithelium,  formed  of  a 
number  of  columnai*  cells,  wedged  together.  It  is  the  olfactory 
region,  and  the  olfactory  nerves  can  be  traced  to  it.  The 
epithelium  thins  away  in  the  anterior  and  posterior  passages. 
The  labyrinth  which  is  seen  in  the  older  specimens,  and  which 
has  been  described  by  Gegenbaur,^  Solger,^  and  others  in  adult 
or  formed  young  specimens  of  the  Crocodile,  is  only  represented 
here  by  a  shallow  vertical  depression  of  the  external  wall. 

The  head  measuring  5f  mm.  answers  to  the  above  description 
also,  and  in  both  this  and  the  larger  ones  I  have  looked  care- 
fully for  a  Jacobson's  organ. 

1  Phil,  Trans.,  1883,  p.  268.  *  Jenaisehs.  Zeits^,  6d.  vii.  p.  1. 

*Morph,  Jahrh,,  Bd.  L,  1876,  p.  467. 
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In  these  yoang  Bpecimens  we  find  on  each  side  a  ahallow  and 
wide-moothed  depression  of  the  front  wall  of  the  posterior  nares, 
tuming  slightly  outwards  to  form  a  crescentic  groove  (J,  fig.  I). 
A  very  similar  depression  of  the  posterior  wall  (g)  also  ends 
blindly,  and  is  the  section  of  a  deep  groove  on  the  roof  of  the 
mouth  into  which  the  posterior  uares  opens.  This  groove 
extends  from  behind,  across  and  forwards,  and  ends  before 
reaching  the  middle  line.  The  posterior  nares  opens  on  its 
external  and  anterior  face.  The  depression  on  the  front  wall 
woald  appear  to  represent  the  origin  of  a  Jacobson's  organ. 
And  if  we  now  look  at  the  head  measuring  7  mm.  (the  youngest 
I  possess  in  transverse  section),  we  see  a  process  and  enclosed 
groove  on  the  inner  wall,  which  leads  us  farther  to  conclude 
that  the  organ  is  represented,  but  in  an  extremely  reduced 
condition, 

2nd  Stage — 7  TnTn. — The  external  nasal  openings  are  widely 
separated,  occiurring  laterally  near  the  point  of  the  beak,  and 
they  have  a  slightly  crescentic  slit-like  form.  They  lead  into 
flattened  cavities,  which  early  show  the  thickened  epithelium 
above  named,  the  lower  apex  of  the  sections  alone  presenting  a 
thin  wall.  The  upper  angle,  as  we  follow  the  series  backward, 
tarns  gently  outwards  and  the  lower  one  downwards.  A  little 
distance  back  we  meet  with  a  seeming  branching-off  of  two 
canals  from  the  thin-walled  part  of  the  cavity  below  (fig.  2). 
That  outer  one,  opposite  the  lachrymal  duct,  does  not  continue 
to  the  duct  at  all  (see  description  of  Lachrymal  Duct),  but  is 
the  beginning  of  the  simple  accessory  cavity  of  the  nose  (the 
labyrinth,  or  Nebenhohle,  before  alluded  to). 

Comparing  figs.  3  and  4,  we  see  that  the  inner  branch  is  not 
really  a  canal,  but  the  beginning  of  a  lip-like  projection  of  the 
inner  wall  of  the  nose  into  the  nasal  cavity.  It  projects  down- 
wards and  backwards,  thus  in  a  wuy  shutting  off  a  small  part 
of  the  nasal  cavity.  This  is  the  only  structure  that  I  can  find 
at  this  stage  which  at  all  answers  to  a  Jacobson's  organ,  and  the 
disappearance  of  it,  small  as  it  is,  must  be  surprisingly  rapid, 
for  there  is  no  trace  of  it  in  my  next  head,  measuring  7|  mm. 
I  have  no  doubt  that  a  more  minute  examination  of  other 
genera  and  species  will  disclose  that,  in  all,  the  organ  presents 
a  more  or  lees  varying  degree  of  reduction.    In  Caiman  niger 
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and  in  Alligator  misaiaaipenaia  a  remnant  may  be  apparently 
retained  for  life,  but  in  CrocodUua  poroavba  the  history  of  the 
organ  is  a  very  fleeting  one. 

Turning  now  to  the  canal  opposite  the  one  we  have  just  been 
considering,  and  which  is  the  beginning  of  the  lateral  labyrinth 
of  the  nose,  we  find,  on  following  the  sections  backwards,  that  it 
resembles  somewhat  its  neighbour  on  the  opposite  side, — that  is 
to  say,  it  is  only  the  'section  of  a  flattened  cavity  which  projects 
laterally  from  that  of  the  nose,  and  curves  at  fii*st  backwards 
and  then  forwards.  The  opening  forms  a  large  crescent  on  the 
side  wall. 

We  observe,  further,  in  following  the  series  of  sections^  the 
appearance  of  two  ridges  (r)— one  on  each  side — on  the  roof  of 
the  mouth.  They  commence  near  the  anterior  margin,  and  at 
first  accompany  the  teeth,  then  they  gradually  approximate, 
becoming  larger,  and,  by  a  seeming  shrinking  of  the  mesodermic 
elements  below  the  ridge,  a  space  appears  in  all  my  specimens 
separating  the  cells  of  the  mesoderm  from  the  epithelium  of  the 
mouth.  Nearly  opposite  the  beginning  of  the  nasal  labyrinth 
the  inner  base  of  the  ridge  deepens  to  form  a  groove,  and  the 
posterior  nares — a  narrow  canal — is  given  oflF  here,  piercing  the 
upper  or  inner  side  of  the  ridge  to  open  into  the  mouth.  The 
groove  is  the  same  as  that  described  in  stage  1,  and,  with  the 
ridge,  projects  some  distance  backwards. 

3rrf  Stage — 7|  tn/m. — There  is  little  or  no  diflference,  as 
regards  the  general  appearance  of  the  nasal  cavity,  between 
this  head  and  the  preceding.  There  is  now  no  trace  of  that 
internal  involution  of  the  nasal  sac,  which  I  have  regarded  as  a 
vestigial  Jacobson's  organ.  Behind  the  posterior  nares  the 
nasal  cavity  continues  as  before  for  some  distance,  and  projects 
laterally  from  a  similar  crescentic  opening,  to  form  the  accessory 
cavity.  The  latter  is  now  a  little  more  complicated,  by  pro- 
trusions of  the  side  wall  into  its  interior — two  from  above  and 
one,  between  them,  from  behind. 

4ith  Stage — 9^  ram, — The  posterior  cavity  here  undergoes  a 
further  extension.  The  opening  of  the  lateral,  or  accessory, 
cavity  has  become  more  wide  below,  and  the  cavity  itself  has 
correspondingly  increased.  The  projections  referred  to  now 
bound  a  slight  secondary  cavity  opening  backwards  into  the 
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parent  one.  At  this  stage,  moreover,  by  the  approximation  of 
the  two  ridges  on  the  roof  of  the  mouth,  the  posterior  nares 
now  open  by  a  single  aperture  behind  (fig.  5).  The  groove 
mentioned  above  will  still  be  seen  to  bear  to  these  the  relations 
before  described. 

5^  Stage — 12  Tn/nu — The  external  opening  is  now  on  the 
top  of  the  nasal  region  of  the  skull  and  is  quite  simple.  The 
cavity  begins  at  once  to  assume  a  horizontal  position,  becomes 
qaibe  horizontal  in  a  few  sections,  but  only  for  a  very  little 
distance.  The  internal  end  of  each  sac  begins  to  rise,  until  it 
attains  the  vertical  position,  where  it  leads  off  into  the  lachry- 
mal duct. 

Posteriorly,  we  see  that  the  accessory  cavity  is  yet  in  a  very 
simple  condition.  It  is  wide  behind,  and  presents  slight  irregu- 
larities of  the  walls  on  its  upper  and  lower  borders.  The  nasal 
cavity  extends  behind  this  accessory  one  for  some  distance. 

The  posterior  nares  now  extend  far  backwards,  beyond  their 
origin  from  the  nasal  cavity,  and  far  behind  the  termination  of 
the  olfactory  region  of  the  nose  above  them.  The  two  ridges 
noted  in  the  earlier  stages  have  now  fused  together  with  the 
median  downward  process  between  the  posterior  nares,  and  the 
resulting  ducts  are  thus  carried  backwards  as  separate  canals  for 
some  distance,  and  still  further  so  after  they  have  run  together 
to  form  a  single  canal,  which  ultimately  opens  into  the  mouth. 
The  groove  seen  at  the  base  of  the  ridges  in  the  young  specimens 
again  makes  its  appearance  at  the  junction  of  the  two  posterior 
nares,  and  continues  backwards  at  the  top  of  the  single  cavity 
and  beyond  its  opening  into  the  mouth.  And  at  the  latter  we 
see  the  ridges  which,  by  their  fusion,  ultimately  carry  the 
nostrils  still  further  back. 

6tk  Stage — 27  mm. — The  anterior  narial  openings  are,  as  in 
the  preceding  example,  on  the  top  of  the  beak,  but  now  more 
closely  approximated.  They  lead  directly  downwards  and  ex- 
pand into  the  cavity  of  the  nose.  The  latter  soon  becomes  almost 
rounded,  and  extends  backwards  in  that  form.  Conspicuous  at 
this  stage  is  a  thickening  of  the  floor  of  the  nasal  cavity,  extend- 
ing, as  we  pass  backwards,  to  its  inner  and  upper  surfaces,  leaving 
the  outer  wall  thin.  This  thickening  alone  answers  to  the  thick- 
walled  epithelium  of  the  earlier  stages.     And  the  cavity  retains 
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this  condition  all  the  way  backwards.  As  in  the  preceding 
stage,  the  inner  part  gradually  rises,  giving  the  section  of  the 
cavity  a  crescentic  form.  Passing  the  opening  of  the  lachrymal 
duct,  and  before  losing  sight  of  the  long  flattened  part  of  the 
nasal  cavity  into  which  this  opens,  we  see  the  beginning  of  the 
accessory  cavities.  We  saw  in  the  preceding,  and  very  much 
younger,  embryos  that  the  accessory  cavity  was  simple,  and 
formed  by  a  projection  of  the  side  wall  and  skeleton  (turbinal) 
shutting  off  a  space,  bounded  by  the  said  process  and  the  side 
wall  and  opening  by  a  large  crescentic  aperture.  We  find  now  a 
series  of  three  accessory  cavities,  whose  relations  I  will  attempt 
to  describe.  The  first  opening,  which  we  have  just  seen  behind 
the  opening  of  the  lachrymal  duct,  leads  straight  into  a  roundish 
and  pretty  large  sac  (1),  and  tliis  leads  downwards  into  a  passage 
(2)  which  projects  backwards  parallel  to  the  nasal  cavity, 
gradually  dwindles  away,  and  disappears.  The  cavity  (1)  takes 
its  origin  from  the  nasal  sac  at  the  junction  of  the  thin  and 
thick-walled  epithelium,  and  so  its  upper  half  bears  the  latter 
and  its  lower  the  former.  It  is  from  the  latter  that  the  passage 
is  derived,  and  that  therefore  consists  entirely  of  the  thin-walled 
epithelium. 

A  good  distance  further  back  the  side  wall  of  the  nose  forms 
a  depression,  and  near  the  beginning  of  this  we  find  an  opening 
into  a  cavity  (a)  which  projects  forwards,  leading  almost  into 
the  passage  (2)  above  mentioned.  Opposite  its  origin  from  the 
nose,  cavity  (a),  lined  wholly  by  thin  epithelium,  leads  downwaids 
into  cavity  (b),  and  this  extends  as  a  flat  horizontal  passage  out^ 
wards  and  expands  into  a  large  and  irregular  sac  (o).  It  is  so 
large  that  it  extends  forwards  to  the  outside  of  the  passage  (2), 
and  two  projections,  it  first  narrowing  and  then  expanding 
again,  reach  as  far  backwards  as  the  nasal  cavity  itself.  All  the 
cavity  (c)  is  lined  by  extremely  thin  membrane. 

The  same  depression  continues  backwards  into  a  crescentic 
cavity  separated  from  the  nose  by  a  process  projecting  from  the 
side  wall.  It  is  the  simple  cavity  that  we  have  seen  in  the 
earlier  examples,  although  it  now  presents  a  large  extension 
anteriorly  and  externally  to  those  described.  These  latter  must 
be  looked  upon  as  extensive  neomorphs,  which  have  taken 
their  origin  late  in  the  history  of  the  animal's  development,  and 
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as  respiratory  in  character.  The  cartilaginous  skeleton  accom- 
panies  and  supports  their  wall,  as  it  does  that  of  the  posterior 
olfactory  labyrinth. 

The  posterior  nares  proceed  backwards  for  a  considerable 
distance,  at  first  separately,  and  ultimately  as  a  single  flattened 
horizontal  canal. 

The  thick-walled  epithelium  of  the  nasal  cavity  presents 
throughout  simple  glands.  A  narrow  duct  leads  through  the 
mucous  membrane  and  expands  into  a  simple  pocket. 

The  nasal  cavities  are  now  practically  in  the  condition  found 
in  the  adult.  They  pass  backwards  in  the  upper  jaw  on  each 
side  giving  oif  the  posterior  nares  on  the  lower  surface,  a  con- 
siderable distance  before  they  terminate  blindly,  in  front  of  the 
eyes.  We  have  seen  that  the  posterior  nares  are  to  a  con- 
siderable extent  separate  canals,  but  that  they  ultimately 
fuse  together ;  there  is  evidence  at  this  stage  of  a  projecting 
ridge  above  and  below  in  the  middle  line  which  effects  a  further 
separation.  We  have  seen  that  the  present  condition  of  the 
nasal  cavity  has  been  arrived  at  through  the  great  forward  exten- 
sion of  the  upper  jaw,  and  that  the  posterior  nares  owe  their 
adult  condition  to  the  gradual  fusion  of  two  ridges  which  early 
make  their  appearance  on  the  roof  of  the  mouth  in  relation  to 
the  palate. 

To  briefly  recapitulate  the  succession  of  lateral  openings  from 
the  nasal  cavity.  As  we  pass  from  before  backwards  the  first 
opening  we  see  is  the  one  into  the  lachrymal  duct.  Two 
others  occur  behind  this  €md  in  front  of  the  posterior  nares, 
and  yet  another  occurs,  which  presents  a  very  wide  opening 
beginning  just  above  the  origin  of  the  posterior  narial  passage. 
The  first  two  are  not  at  all  represented  in  the  earlier  stages  of 
development,  while  the  latter  is  the  orifice  of  the  simple  lateral 
cavity  found  in  the  younger  examples. 

II.  The  Lachrymal  Duct 

I  find  that  ray  sections  show  a  similar  development  of  the 
lachrymal  duct  to  that  described  by  Bom.*  In  the  longitudinal 
section  of  the  smaller  heads  (5  mm.-6f  mm.)  we  find  no  trace 
of  the  duct  at  all,  in  connection  with  the  nose ;  but,  as  Bom 

1  M(yrpK  Jahrb.,  Bd.  v.  pp.  62  and  401. 
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has  shown  for  the  Lizard  and  Chick,  one  can  see,  at  the  base  of 
the  groove  separating  the  nasal  passage  from  the  folds  which 
represent  the  eyelids,  a  rod-like  thickening  of  the  epidermis. 
The  lower  end  of  this  has,  as  yet,  no  connection  with  the  nose. 

The  transverse  sections  which  follow  bear  this  out.  In  the 
head  measuring  7  mm.  we  find  the  duct  extending  inwards  a 
short  distance  from  the  skin,  but  as  yet  failing  to  connect  itself 
with  the  nasal  cavity.  One  is  apt  to  think  at  first  sight  that 
the  lateral  process  from  the  nose,  near  the  posterior  end  of  the 
lachrymal  ridge,  is  an  outgrowth  of  that  organ  to  meet  it  (figs. 
2,  3,  4).  But,  as  has  already  been  shown,  the  former  is  the 
beginning  of  the  olfactory  labyrinth. 

The  ridge  of  cells  passes  forwards  beyond  this  lateral  extension 
of  the  nasal  sac  for  a  good  number  of  sections  (40  sections  or  so 
of  10  /x),  leaving  the  skin  near  its  front  end  and  disappearing. 
There  is  a  slight  trace  of  extension  of  the  nasal  cavity  to  meet 
it.  The  posterior  end  as  yet  does  not  exhibit  a  branching 
into  two. 

In  the  7f  mm.  head  we  find  a  meeting  between  the  solid 
process  from  the  nose  and  the  solid  lachrymal  duct,  but  without 
fusion.  This  nasal  process  is  a  horizontal  flat  plate  of  cells. 
The  fusion  of  the  front  end  of  the  duct  with  the  process  in 
question  is  almost  complete  in  the  head  measuring  9^  mm. 
There  is  now,  then,  a  solid  rod  of  cells  extending  from  the  skin 
to  the  nasal  cavity.  It  extends  forwards  a  little  after  leaving 
the  nose,  and  then  bends  gently  round  to  pass  upwards  and 
backwards.  Some  distance  on  it  becomes  much  reduced  in 
diameter,  and,  traversing  the  space  between  the  nasal  sac  and 
the  skin,  it  becomes  continuous  with  the  latter,  below  and  in 
front  of  the  eye.  Here  the  duct  becomes  very  indistinct,  the 
cells  not  being  so  well  differentiated  from  their  mesodermic 
surroundings  as  in  the  more  anterior  region. 

In  the  12  mm.  head  the  nasal  plate  of  cells  presents  a  lumen, 
but  the  duct  is  still  solid  and  of  small  diameter.  It  ends  in  the 
lower  eyelid,  where  it  splits  into  two.  The  outer  branch  does 
not  quite  reach  the  epidermis,  while  the  inner  one  does. 

27  mm, — A  considerable  change  has  taken  place  in  the 
history  of  the  lachrymal  duct  at  this  stage.  It  has  now  a  com- 
plete lumen,  and  its  walls  are  beset  with  glands.     It  takes  its 
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origin  in  front,  from  the  lower  thin-walled  region  of  the  nasal 
cavity;  and  extends  blindly  forwards  for  a  short  distance 
parallel  to  that  cavity.  The  glands  persist  for  nearly  the  whole 
length  of  the  duct.  In  the  lower  eyelid,  however,  the  section 
of  the  dact  loses  its  irregular  form  and  becomes  round  At  this 
end  of  it,  an  incomplete  and  thin  plate  of  cells  extends  across  the 
lumen — incomplete  in  the  sense  that  it  shows  signs  of  absorp- 
tion. One  can  trace  it  through  a  few  sections,  and  then  it  dis- 
appears for  a  section  or  two,  to  reappear  exactly  in  the  same 
place — thus  forming  an  incomplete  membrane  stretching  up 
and  down  the  canal. 

An  ultimate  and  late  splitting  into  two  takes  place  in  the 
lower  eyelid,  where  both  ducts  open.  It  is  certain  that  the 
incomplete  membrane  just  mentioned  indicates  the  fusion  of 
the  two  branches  which  have  had,  a  little  earlier  in  the  history 
of  the  animal,  a  longer  separate  journey  to  perform. 

The  glands  of  the  lachrymal  duct  are  more  complicated  than 
those  of  the  nasal  mucous  membrane.  They  exhibit  a  splitting 
up  into  tubules.  In  the  dissected  specimen  one  can  see  their 
openings  as  minute  apertures  on  the  inner  face  of  the  duct,  giving 
it  a  finely  dotted  appearance. 

in.  The  Harderian  and  Lachrymal  Olands. 

I  can  find  no  trace  of  either  Harderian  or  Lachrymal  glands  in 
any  but  the  largest  head  I  possess,  viz.,  that  measuring  27  mm. 
Here  the  Harderian  gland  occupies  its  normal  position  (fig.  6) ; 
it  is  already  well  developed,  and  opens  by  several  apertures 
into  the  wide  extension  of  the  conjunctiva,  between  the  nictitat- 
ing membrane  and  the  eyeball. 

It  is  singular  that  in  this  specimen  I  can  find  no  lachrymal 
gland ;  and  as  I  have  not  seen  it  in  any  of  the  younger  ones,  I 
am  led  to  conclude  that  it  is  absent.  I  believe  the  College  of 
Surgeons'  Museum,  London,  possesses  a  preparation  of  the  adult 
by  Hunter  showing  its  presence.^  Some  of  my  heads  fail  me  in 
the  posterior  region  of  the  eye,  but  in  this  one  (27  mm.),  in 
which  at  least  the  posterior  part  of  the  conjunctival  space  is 
complete,  there  is  no  sign  either  of  the  gland  in  question,  or  of 
origin  of  a  glandular  structure  from  its  outer  part. 

*  Cf.  Owen,  Compar.  Anat.  of  VerUbr, 
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EXPLANATION  OF  PLATE  X. 


a,n,  Anterior  nares. 

c.«,  Conjunctival  space. 

<7,  Groove  on  the  roof  of  the 
mouth  and  ultimately  on 
the  posterior  nares. 

g,t,  Tubules  of  Harderian  gland. 

J,  Involution  of  supposed  Jacob- 
son's  organ. 

I,      Lateral  cavity  of  the  nose. 


l.df  Lachrymal    duct 

rymal  ridge. 
«.c,  Nasal  cavity. 
jJ.Tif  Posterior  nares. 
y.8,  Yolk  sac. 
r,      Ridge   on   the 


or    ladx- 


roof  of  ibe 
mouth  ultimately  forming 
the  palate. 


The  sections  were  photographed  under  a  Zeiss  A.  objective. 

Fig.  I.  Longitudinal  section  of  head  measuring  5f  mm. 

Figs.  2,  3,  and  4.  A  series  of  transverse  sections  of  a  head 
measuring  7  mm.,  showing  the  apparent  vestigial  Jaoobson's  organ. 

Fig.  5.  Transverse  section  in  the  region  of  the  posterior  nares  of  a 
9^  mm.  head,  showing  the  approach  of  the  ridges  to  form  the  palate. 

Fig.  6.  Transverse  section  through  the  Harderian  gland  of  a  27 
muL  head. 

I  desire  gratefully  to  thank  Professor  Howes  for  much 
valuable  advice  and  guidance  in  preparing  this  paper  for  publi- 
cation. 


ON  COLLOID  IN  THE  LYMPHATICS  AND  BLOOD- 
VESSELS  OF  THE  THYROID  IN  GOITRE.  By 
R.  M.  HoBNE,  M.B.,  CM.  Edin. 

The  Datare  of  the  colloid  material  of  the  thyroid  gland  has 
been  the  source  of  much  divergence  of  opinidn  in  the  past,  and 
noiwithstaading  the  researches  of  many  inquirers,  our  knowledge 
of  it  is  still  uncertain.  Of  its  mode  of  origin — whether  by  a 
secretive  or  by  a  degenerative  process — we  are  still  in  doubt ;  of 
its  chemical  composition,  and  of  the  part  it  performs  in  the 
physiology  of  the  gland,  nothing  definite  is  known;  of  its  ultimate 
fate,  we  also  know  but  little. 

In  recent  years  the  lymphatic  system  has  come  to  be  regarded 
as  the  duct  of  the  thyroid,  as  the  channel  by  which  the  colloid 
material  is  removed.  The  only  ground  for  this  view  lies  in  the 
presence  of  **  colloid  "  in  some  of  the  lymphatics  of  the  gland. 

Bal>er,^  working  with  dogs'  thyroids ;  Biondi,^  with  thyroids  of 
amphibians,  birds,  and  reptiles ;  Langendorff,^  with  thyroids  obtained 
&oin  recently  killed  calves  and  young  dogs ;  and  Horsley,  with 
thyroids  of  monkeys,  all  have  demonstrated  the  presence  of  colloid 
in  the  lymph  system  of  vessels.  Horsley  ^  has  shown  further  that 
ooUoid  is  also  present  in  those  lymph  glands  towards  which  the 
Ijmphatics  of  the  thyroid  pass.  It  is  believed  by  these  observers 
tbat  tlie  colloid  present  in  the  lymphatics  has  come  from  the 
follicles  of  the  gland.  All  attempts,  however,  to  find  a  connection 
Wiveen  the  follicles  and  the  lymph  vascular  system  have  failed,  so 
that  if  this  system  really  acts  as  the  "  thyroid  duct,"  we  are  still  in 
doubt  how  the  secretion  finds  its  way  thither. 

Till  May  of  the  present  year  no  observations  had  been  made  on 
the  behaviour  of  the  lymphatics  in  the  human  thyroid.  At  that 
time  Podbelsky  '  published  a  short  account  of  his  research  on  this 
subject.  The  examination  of  twenty  goitrous  thyroids,  obtained 
^th  one  exception  post-morteniy  revealed  the  presence  of  colloid  in 
tlie  lymphatics  in  five  cases  only.  There  is  a  wide  discrepancy 
^veen  this  result  and  the  statement  of  Langendorff  that  '*  Only 
seldom  will  one  examine  the  thyroid  gland  of  a  calf  or  a  dog  without 
finding  colloid  in  the  interfoUicular  lymph  spaces."     This  question 

*  t^roeeedings  of  the  Boyal  Society ^  vol.  24. 

*  Berliner  Klinitche  Wochenachrift,  1888,  No.  47. 

'  Arckiv  far  AncUomie  und  PhynologU,  Suppl.  B,,  1880,  pp.  219>240. 

*  British  MediecU  Journal,  1892,  No.  1622,  Jan.  30,  pp.  2-7. 

'  Pnger,  Medicinisehe  Woehenachrift,  1892,  Mai  11  and  18,  Nos.  19,  20. 
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is  certainly  worthy  of  the  further  inquiry  which  Podbelsky  intends 
to  carry  out. 

Gutknecht^  has  drawn  attention  to  the  presence  of  colloid  in 
many  of  the  blood-vessels  of  goitrous  thyroids,  and  has  attempted 
to  trace  its  origin  to  changes  induced  in  the  red  blood  corpuscles 
by  some  influence  exerted  on  them  by  the  diseased  gland ;  and  we 
find  Langhans  ^  quoting  his  observations  on  this  point  as  affording 
a  possible  explanation  of  the  connection  he  supposes  to  exist  between 
the  thyroid  and  the  series  of  changes  ii)  th'e  peripheral  nerves  which 
he  has  recently  discovered  in  cases  of  myxoedema,  cretinism  and 
cachexia  thyreopriva. 

The  application  of  the  word  "  colloid  "  to  this  substance  found 
in  the  blood-vessels  and  lymphatics  is  perhaps  somewhat  mis- 
leading, as  thereby  a  connection  might,  a  priori,  be  supposed 
to  exist  between  it  and  the  "  colloid  "  of  the  gland  follicles.  It 
would  have  been  preferable  either  to  have  spoken  of  a  "  colloid- 
like substance,"  or  to  have  discarded  the  word  "colloid** 
altogether  in  favour  of  the  word  "  hyaline  " :  v.  Recklinghausen 
teaches  the  use  of  the  word  "  colloid  "  as  a  generic  term  for 
the  three  degenerative  processes  amyloid,  hyaline,  mucoid — 
including  under  "  hyaline,"  among  other  things,  the  "  colloid " 
present  in  the  thyroid  follicles.  The  advantage  in  the  use  of  the 
word  "  hyaline,"  in  v.  Recklinghausen's  sense,  is  that  it  carries 
with  it  the  recognition  of  the  existence  of  several  substances 
which  resemble  each  other  in  their  microscopic  characters  and 
in  their  strong  resistance*to  the  action  of  chemical  reagents — 
indistinguishable,  therefore,  from  each  other,  according  to  our 
present  knowledge,  but  which  difiFer  in  situation  and  mode  of 
origin.  The  confusion,  arising  from  a  preconceived  association 
between  "  colloid  "  and  the  thyroid  gland,  is  thereby  avoided. 

The  word  "  colloid  "  will  be  used  in  this  paper  in  order  to 
keep  its  nomenclature  in  harmony  with  that  of  previous  articles 
on  the  same  subject,  but  is  to  be  regarded,  in  every  case,  as 
synonymous  with  the  "  hyaline  "  of  v.  Recklinghausen. 

My  own  observations  on  the  presence  of  colloid  material  in 
the  vascular  systems  have  been  made  on  eighteen  goitrous 
thyroids  obtained,  with  one  exception,  post-Tnortem,  These  were 
removed  from  individuals  varying  in  age  from  six  months  to 
sixty-eight  years,  who  had  died  from  a  variety  of  causes, 

1  DU  ffistologie  der  Struma,  Virch  Archiv,  B<L  99,  1886. 
*  Virchoto's  Archiv,  June  1892. ' 
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Sefore  giving  a  short  accoant  of  those  in  which  colloid  was 
found  in  either  vascular  system,  it  is  necessary  to  describe  the 
method  generally  adopted  in  the  examination  of  these  specimens. 
A  piece  was  taken  usually  from  the  periphery  of  the  gland, 
and  when  possible  containing  a  goitrous  nodule.    This  was 
stained  en  masse  in  alum  cai'mine  for  two  or  three  days,  and 
having  been  washed  carefully  in  water  to  remove  excess  of 
colouring    matter,  was    subsequently  hardened    in    absolute 
alcohol  and  imbedded  in  celloidin  in  the  usual  manner.     The 
confusion  which  sometimes  arises  between  colloid  and  celloidin 
is  thus  avoided,  as  the  latter  remains  uncoloured  and  trans- 
parent 

Each  piece  was  cut  in  series  in  order  to  permit  of  the  accurate 
differentiation  of  arteries  from  veins,  veins  from  lymphatics,  and 
veins  and  l3nmphatics  from  distended  follicles. 

Occasionally  the  piece  was  cut  with  the  ether  freezing 
microtome  instead  of  by  the  celloidin  method. 

In  single  sections  Weigert's  method  for  the  staining  of  fibrin 
was  adopted,  in  addition  to  the  alum  carmin  stain,  in  order  to 
distinguish  colloid  proper  from  mere  hyalin  fibrin. 

All  the  glands  except  one  were  fixed  in  Mliller's  fluid,  and 
subsequently  hardened  in  alcohol.  The  exceptional  gland  was 
treated  with  alcohol  only. 

I  shall  now  describe  those  cases  in  which  colloid  was  present 
in  the  vascular  system. 

L  Girl  aged  13  years.  Post-mortem  diagnosis :  Lung  infarct ; 
tuberculosis  of  the  kidney. 

The  thyroid  was  only  slightly  enlarged.  No  adenomatous  nodules 
were  visible  to  the  naked  eye.  Distended  follicles  were  readily  made 
out. 

One  piece  was  examined.  The  greater  number  of  follicles  are 
slightly  distended  with  colloid,  a  few  are  much  distended,  while 
others  from  their  shape  and  size  have  evidently  been  formed  by  the 
fusion  of  two  or  more  adjacent  follicles.  The  blood  corpuscles  are 
well  preserved,  retaining  for  the  most  part  their  normal  shape  and 
size.  In  several  of  the  veins  round  masses  of  colloid  of  various  sizes 
lie,  imbedded  in  the  midst  of  normal  red  blood  corpuscles,  surrounded 
by  them,  but  sharply  outlined  from  them.  These  stain  well,  are 
refractile,  and  resemble  the  colloid  of  the  follicles.  No  lymph  vessel 
containing  colloid  has  been  observed. 

XL  Man  aged  26.  Post-mortem  diagnosis  :  Dislocation  of  cervical 
vertebrae,  the  result  of  on  accident. 
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Both  lobes  of  the  thyroid  were  Binall,  and  contained  many 
nodules,  some  of  them  cystic. 

One  piece  was  examined  in  which  two  adenomatous  nodules 
present  In  the  more  normal  tissue  only  a  few  follicles  are  distendei!, 
and  that  slightly.  The  nodules  consist  of  largely  distended 
irregularly-shaped  follicles,  containing  colloid,  and  in  many  cases 
more  or  less  altered  blood.  The  fibrous  tissue  has  in  parts  undergone 
hyaline  degeneration,  especially  that  around  the  nodules. 

In  one  of  the  nodules  a  small  vein  completely  filled  in  part  of  its 
course  with  colloid  is  to  be  seen,  in  a  branch  of  which  normal  blood 
corpuscles  lie. 

The  examination  of  many  sections  did  not  reveal  any  lymphatics^ 
containing  colloid. 

III.  Girl  aged  16.  Pos^mor^^m  diagnosis :  Diphtheria;  broncho* 
pneumonia. 

The  thyroid  was  slightly  enlarged  in  both  lobes.  There  was  one 
adenomatous  nodule  about  the  size  of  a  cherry  in  the  left  lobe,  and 
a  smaller  one  in  the  right. 

One  piece  was  used  which  did  not  contain  a  nodule,  or  part  of  a 
nodule.  The  lobules  are  well  defined  by  fibrous  septa,  in  which  no 
hyaline  change  has  taken  place.  Some  follicles  contain  no  colloid, 
none  have  undergone  much  distension.  In  several  of  the  arteries 
and  veins  fibrin  coagula  are  present.  In  the  larger  number  of  the 
veins  are  seen  colloid  balls  of  various  sizes,  some  in  association  with 
the  coagula,  others  independent  of  them  and  surrounded  by  quite 
normal  blood  corpuscles.  These  balls  resemble  the  colloid  of  the 
follicle  in  their  high  refractile  power  and  depth  of  colour.  Ko  colloid 
has  been  observed  in  the  arteries. 

The  lymphatics  have  also  been  examined  for  colloid,  but  its  presence 
in  these  has  not  been  satisfactorily  demonstrated. 

IV.  Man  aged  19.  Post-mortem  diagnosis  :  Labyrinthitis  puru- 
lenta ;  meningitis.  The  thyroid  is  small ;  both  lobes  are  beset  with 
numerous  nodules  of  various  sizes,  none  of  which  are  larger  than  a 
cherry.     Four  pieces  examined. 

In  many  of  the  veins  colloid  balls  are  present,  lying  in  the  midst 
of  perfectly  normal  blood  corpuscles. 

No  lymphatics  containing  colloid  have  been  seen. 

V.  Man  aged  35.  Post-mortem  diagnosis  :  Tuberculosis  ;  cirrhotic 
and  fatty  liver. 

Both  lobes  were  slightly  enlarged;  on  section,  no  adenomatous 
nodules  observed. 

One  piece  was  examined.  Many  of  the  follicles  are  largely  dis- 
tended with  colloid  ;  the  greater  number  have  undergone  only  slight 
distension.  In  the  series  of  sections  examined,  only  one  vein  with 
colloid  was  seen.  It  could,  however,  with  its  colloid,  be  traced 
through  most  of  the  sections.  The  colloid  occurs  as  a  large  irregular 
mass  adhering  by  part  of  its  margin  to  the  wall  of  the  vessel.  At 
its  free  margin  several  normal  blood  corpuscles  are  observed.  In 
its  centre  a  fibrinous  coagulum  lies,  from  which,  however,  the 
colloid  is  readily  distinguished.     Colloid  material  is  present  also 
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in  a  small  branch  entering  the  vein,  whioh  contains  no  fibrinous 


Ck>Uoid  in  the  Ijmphatio  spaces  has  been  satisfactorily  made  out 
in  several  of  the  sections  of  this  piece. 

YL  The  name  of  the  individual  to  whom  this  thyroid  belonged 
has  unfortunately  been  loet,  so  that  the  cause  of  death,  dec.,  cannot 
be  given. 

The  thyroid  was  only  slightly  enlarged ;  one  adenomatous  nodule 
present  in  the  left  lobe,  none  in  the  right.  Two  pieces  were 
examined.  The  distension  of  follicles  with  colloid  is  well  marked. 
The  blood  corpuscles  have  retained  their  normal  character.  Colloid 
material  has  been  observed  both  in  veins  and  in  lymphatics.  In 
the  veins  it  does  not  exist  in  the  form  of  balls  already  described, 
but  as  a  more  or  less  irregular  mass  lying  in  the  midst  of  normal 
red  blood  corpusclea 

Lymphatic  spaces  containing  colloid  have  been  found  in  sections 
of  both  pieces.  In  one  piece  the  adenomatous  nodule  was  cut  in 
section  along  with  some  thyroid  tissue  proper.  In  these  sections 
coUoid  has  been  found  in  lymphatics  more  removed  from  the  nodule, 
as  well  as  in  some  nearer  it  The  other  piece,  which  was  cut  with 
the  freezing  microtome,  contained  no  part  of  a  nodule. 

YIL  This  thyroid  was  obtained  from  a  man  who  had  died  with 
well-marked  signs  of  tertiary  syphilis.  The  gland  was  treated  with 
alcohol  only.  It  was  slightly  enlarged,  and  on  section  each  lobe 
showed  one  small  colloid-degenerated  nodule. 

One  piece  was  examined.  The  follicles  are  not  distended,  only 
a  few  containing  colloid.  Colloid  material  is  present  in  many  of  the 
blood-vessels,  but  as  in  this  case  the  red  corpuscles  are  not  well 
preserved,  no  conclusion  can  safely  be  drawn  as  to  its  mode  of  origin. 
Several  lymphatics  containing  colloid  are  present. 
VIII.  Boy  aged  8  years.  Posirmortem  diagnosis:  Empyema  and 
pysemia. 

Both  lobes  of  the  thyroid  were  much  enlarged.  Ko  nodules  were 
observed.     Surface  of  sections  showed  largely  distended  follicles. 

Two  pieces  were  examined  :  one  piece  from  a  portion  of  the  gland 
which  had  been  hardened  in  alcohol,  the  other  from  a  portion  treated 
with  MiUler's  fluid. 

The  distension  of  the  follicles  is  very  pronounced.  The  fibrous 
tissue  of  the  septa  has  not  undergone  hyaline  change.  No  blood- 
vessels, having  colloid,  have  been  found  in  the  sections  made  from  the 
second  piece ;  one  large  vein  containing  maoy  polygonal  cells,  some 
fibrin  coagulum  and  colloid  material,  has  been  observed  in  several  of 
the  sections  from  the  first  piece. 

No  lymphatics,  containing  colloid,  have  been  discovered  in  any  of 
the  sections  from  the  first  piece.  In  several  of  the  sections  from  the 
second  ]^ece  a  very  interesting  condition  exists.  This  is  the  presence 
of  colloid  in  a  lymph  space  which  communicates  with  two  of  the  dis- 
tended follicles.  The  two  follicles  concerned  are  situated  at  the  margin 
of  their  lobule,  and  border  therefore  on  the  interlobular  septum,  in 
which  is  a  l3rmph  space  containing  eolloid.     In  several  of  the  sections 
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the  boundary  between  the  lymph  space  on  the  one  side  and  the  two 
follicles  on  the  other  is  complete  but  thin,  consisting  chiefly  of  the 
flattened  epithelial  lining  of  the  follicles  themselves.     In  three  of  the 
sections,  and  these  in  series,  the  intervening  septum  is  incomplete, 
and  channels  of  communication  exist  between  the  lymph  space   and 
each  of  the  two  follicles,  the  colloid  in  the  one  being  directly  con- 
tinuous through  these  channels  with  the  colloid  in  each  of  the  other 
two.     These  are  not  artificial  tears  in  the  walls,  because,  apart  from 
the  tissue  having  been  imbedded  in  celloidin,  there  is  no  evidence 
of  any  such  tearing  in  the  presence  of  loose  tags  of  septiun  corre- 
sponding to  the  various  channels,  and  the  channels  themselves   are 
occupied  by  true  colloid  material.     The  condition  is  best  explained 
by  a  giving  way  of  the  septum  from  over-distension,  the  separation 
of  the  two   torn  ends  forming  a  channel  into  which  and  through 
which  the  colloid  has  found  its  way.     It  is  a  natural  process,  albeit  a 
pathological  one,  akin  to  the  rupture  which  often  takes  place  in  the 
septa  between  adjacent  over-distended  follicles. 

The  space  in  the  septum  with  which  the  two  follicles  thus  com- 
municate is  undoubtedly  a  lymph  space.  For,  although  smaller  than 
the  distended  follicles,  only  one  or  two  endothelial-like  cells  are 
visible  on  its  walls,  whereas  in  the  most  largely  distended  follicles 
an  almost  continuous  lining  of  epithelium  is  still  to  be  made  out. 
Further,  if  the  space  be  traced  through  a  series  of  sections,  it  ia 
found  to  pass  into  a  narrow  channel  also  containing  colloid,  which 
runs  away  from  the  follicle,  into  the  interlobular  septum. 

The  results  of  my  observations  on  the  occurrence  of  colloid 
in  the  lymphatic  system  correspond  closely  with  those  of 
Podbelsky.  The  proportion  of  4  in  18  is  almost  identical  with 
a  proportion  of  5  in  20.  It  is  to  be  remarked,  however,  that 
this  being  merely  a  subsidiary  point  in  my  work,  the  same 
number  of  pieces  from  each  gland  have  not  been  examined  as 
Podbelsky  used  in  the  examination  of  his  specimens.  In  one 
case  he  examined  as  many  as  five  pieces  from  one  gland,  and 
only  obtained  lymphatics  containing  colloid  in  one  of  them.  It  is 
possible,  therefore,  that  had  more  of  each  gland  been  examined, 
my  proportion  might  have  been  higher. 

Podbelsky  lays  much  stress  on  the  presence  of  adenomatous 
nodules  as  a  probable  factor  in  the  occurrence  of  colloid  in  the 
lymphatics.  He  cut  his  pieces  to  contain  a  nodule  or  a  portion 
of  a  nodule  in  each,  and  he  found  the  colloid-containing  lym- 
phatics either  in  the  nodules  or  in  their  neighbourhood,  but 
mostly  in  the  nodules  themselves.  The  cases  given  above  show 
that  they  are  to  be  found  quite  independent  of  the  nodules. 

The  important  factor  seems  to  lie  in  the  distension  of  the 
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follicles  with  colloid  In  all  the  nodules  in  Podbelsky's  cases, 
posBessing  colloid-containing  lymphatics,  many  largely  distended 
follicles  were  present.  In  several  instances  he  observed  the 
endothelium  of  the  lymphatics  closely  applied  to  the  epithelium 
of  the  distended  follicle.  In  three  of  my  cases  in  which  such 
lymphatics  have  been  observed,  distension  of  the  follicles  is  well 
mailied.  The  condition  described  in  Case  8  lends  confirmation 
to  this  view,  and  also  points  to  a  probable  explanation  of  the 
manner  in  which  the  passage  of  colloid  from  the  follicles  into 
the  lymphatic  system  is  effected  in  these  pathological  specimens. 

Be  that  as  it  may,  these  observations  confirm  the  general 
conclusion  of  Podbelsky  that  lymphatics,  containing  colloid,  do 
not  occur  so  frequently  in  goitrous  human  thyroids  as  the 
observations  on  normal  thyroids  of  the  lower  animals  would 
lead  one  to  expect.  It  is  undoubtedly  of  great  importance  to 
determine  if  this  is  also  a  departure  from  the  condition  in 
normal  human  thyroids.  Not  till  then  can  any  sound  conclusion 
be  formed  regarding  any  relationship  which  may  be  supposed 
to  exist  between  the  comparative  absence  of  colloid-containing 
lymphatics  and  the  distension  of  the  follicles  with  colloid  so 
frequent  in  goitre.  It  is  to  be  hoped  that  Podbelsky's  further 
researches  will  throw  some  light  on  this  point. 

My  observations  on  the  colloid  (hyaline)  masses,  occurring  in 
the  blood-vessels,  seem  to  disprove  Gutknecht's  theory  of  their 
origin  from  the  red  blood  corpuscles.  No  elaborate  series  of 
changes  has  been  observed  in  these  such  as  he  has  described. 
On  the  contrary,  it  has  been  pointed  out  that  this  colloid 
material,  whether  in  balls  or  in  irregular  masses,  lies  in  the 
midst  of  quite  normal  red  corpuscles,  although  sometimes  in 
association  with  fibrinous  coagula.  It  is  highly  probable  that 
the  changes  in  the  red  corpuscles  which  Outknecht  has  described 
were  due  to  his  method  of  hardening  his  specimens.  Most  of 
his  specimens  were  ti'eated  with  alcohol,  which  assuredly  is  not 
well  calculated  to  preserve  the  normal  characters  of  red 
corpuscles. 

Outknecht  goes  farther,  and  would  lead  us  to  infer  that  these 
changes  in  the  corpuscles  are  due  to  their  presence  in  a 
diseased  thyroid.  No  reasons  have  been  adduced  in  support 
of  this. 

VOL.  XXVn.  (N.S.  VOL.  VII.)  M 
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The  frequency  of  the  oocuirence  of  this  material  in  the  veins 
and  its  absence  in  the  arberies  militates  against  the  existence 
of  any  influence  of  this  nature,  and  the  presence  of  similar 
hyalin  masses  demonstrated  by  v.  Recklinghausen  in  the  veins 
of  other  organs  is  almost  conclusive  against  it. 

In  truth,  this  is  merely  a  local — ^the  thyroid — ^part  of  the 
great  question  of  "  Hyalin  "  in  general,  and  is  to  be  brought  in 
line  with  the  observations  of  v.  Recklinghausen  on  this 
subject. 

He  sajB,^  *'  Hyalin  in  balls  of  variouB  sizes,  but  also  in  the  form  of 
plates  with  curvednshaped,  convoluted  margins,  <bc.,  occurs  also  very 
frequently  on  the  post-mortem  clots  in  the  veins,  oftenest  in  those  of 
the  liver." 

He  has  found  these  chiefly  in  cases  of  acute  fever,  and 
especially  in  infectious  diseases  and  ''  dyscrasic  blood  change&" 

Then  he  says,^  "  One  may  well  regard  these  as  a  secretion  of  the 
liver  cells  proper,  or  of  the  cells  lining  the  vessel  wall,  or  of  the 
leucocytes,  because  they  are  found  even  when  the  blood  has  been 
driven  from  the  liver  by  the  artificial  filling  of  its  vessels  with 
salt  solution,  especially  with  sodium  phosphate.'' 

On  other  grounds  he  is  inclined  to  the  belief  that  they 
are  mostly  derived  from  the  leucocytes.  Against  Langhaus' 
theory,  which  is  the  one  supported  by  Gutknecht,  he  points  to 
the  colourlessness  of  the  balls,  &c.,  which  is  present  even  if 
pigment,  formed  from  the  red  corpuscles,  be  lying  in  the 
neighbourhood. 

A  reference  to  the  cases  above  described  shoves  the  prepon- 
derance of  febrile  diseases  as  causes  of  death  in  those  in  which 
colloid  (or  hyaline)  material  has  been  observed  in  the  veins  of 
the  thyroid.  In  other  respects  these  observations  support 
V.  Recklinghausen's  conclusions. 

These  observations  were  made — while  carrying  on  another 
investigation  on  the  thyroid — in  the  Laboratory  of  the  Patho- 
logical Institute  of  the  University  of  Strassburg,  under  the 
direction  of  Professor  v.  Recklinghausen,  to  whom  I  am 
indebted  for  much  assistance  and  encouragement. 

1  y.  RecklinghanBen,  ffandbueh  der  Allgenrnne  PathoHogie  dea  Krnslavft  und 
der  JEmahrungt  1888,  p.  409, 
*  Op.  cU,,  p.  409. 
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Professor  of  Physiology  in  the  University  of  Edinburgh, 
(Plate  XL)  ^ 

Part  III.  The  Skin. 

For  the  purpose  of  description  it  is  convenient  to  divide  the 
skin  of  the  hedgehog  into  two  regions — dorsal  and  ventral — 
since  they  differ  from  each  other  in  appearance  and  structure  ; 
their  hairs  and  spines,  however,  will  be  described  by  themselves. 

The  Dorsal  Region. — The  skin  of  this  region  is  almost 
entirely  hidden  from  view  by  the  spines,  but  when  these  are 
snipped  off  near  the  roots  rugae  of  a  dull  leaden  colour  become 
visible.  They  are  loosely  attached  to  the  subjacent  tissues,  so 
loosely  indeed  that  when  the  animal  is  lifted  by  the  skin  one 
feels  as  if  the  creature  were  falling  out  of  its  coat.  The  spines 
are  seen  to  spring  from  the  depressions  between  the  rugae. 
The  subepidermic  tissue  is  found  in  section  to  be  very  thick 
and  dense,  and  thrown  into  irregular  folds  over  which  the 
epidermis  extends  in  an  even  layer.  Beneath  the  fibrous  tissue 
there  is  a  cutaneous  muscle  of  some  thickness — the  pannicidibs 
ca/mosus.  Much  adipose  tissue  is  often  accumulated  beneath 
the  muscle,  especially  during  autumn.  Sebaceous  and  sweat 
glands  are  entirely  absent. 

The  Epidermic  Covering  is  very  thin  and  consists  of  only 
two  layers,  of  which  the  stratwra  comev/m  appears  the  thicker 
owing  to  its  outer  cells  being  somewhat  loosely  attached  and 
presenting  a  macerated  appearance ;  it  is,  however,  of  no  great 
thickness,  especially  over  the  rugae,  although  it  is  slightly 
thicker  in  the  intervening  depressions. 

The  Stratum  MaJ/pighii  consists  of  only  two  or  three  layers 
of  small  cells  of  the  usual  type,  the  protoplasmic  bridges 
between  them  being  extremely  fine.     Some  cells  of  this  layer 

1  Parts  I.  and  II.  appeared  in  the  October  number  of  this  volume  of  the 
JowmdL 
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occasionally  coDtain  a  few  granules  of  melanin.  There  is  no 
stratum  granvlosum  or  atratv/m  lucidum  between  the  deep 
and  superficial  layers. 

The  CvAis  Vera  is  very  thick,  and  thrown  into  large,  frequently 
compound  elevations,  which  produce  the  rugosities  already 
alluded  to,  but  there  are  no  papillse  of  the  fibrous  layer  indent- 
ing the  epidermis.  The  greater  part  of  the  fibrous  layer  con- 
sists of  large  closely-packed  bundles  of  coarse  connective  tissue 
fibres  of  the  usual  type,  with  many  elastic  fibres  intermingled. 
Ordinary  connective  tissue  cells  are  few  in  number,  but  several 
layers  of  pigment  cells,  to  which  the  dark  colour  of  the  skin  is 
due,  are  placed  immediately  below  the  epidermis.  The  dense 
fibrous  tissue  is  almost  entirely  devoid  of  blood-vessels.  The 
deeper  part  of  the  cutis  is  more  open  in  texture,  and  contains 
numerous  blood-vessels  and  nerve-trunks.  In  the  neighbour- 
hood of  the  spine  follicles  minute  capillary  vessels  are  arranged 
in  dense  plexuses  forming  minute  patches  of  rete  Tairabile. 
Beneath  this  loose  connective  tissue  there  is  the  pannicidvs 
camosus,  consisting  of  striped  muscle  fibres  similar  in  structure 
to  those  of  the  skeletal  muscles. 

Spine  Follicles. — Each  spine  springs  from  a  single  large 
follicle  which  is  almost  hemispherical  in  outline  and  consists  of 
dermic  and  epidermic  layers  (fig.  1,  PL  XL):  of  these,  the 
dermic  are  similar  to  those  found  in  the  hair  follicles  generally, 
with  the  exception  of  the  hyaline  layer  which  appears  to  be 
absent.  The  intra-follicular  epidermic  layers  are  divisible  into 
an  inner  and  an  outer  root  sheath,  but  there  are  no  sub- 
divisions of  the  inner  layer  such  as  occurs  in  higher  mammals. 
The  closed  extremity  of  the  follicle  is  indented  by  a  small 
vascular  papilla  (p,  fig.  1,  PL  XI.),  the  epidermic  cells  covering 
which  are  larger  than  those  of  the  remainder  of  the  follicle, 
and  give  rise  to  the  pith  of  the  spine,  while  the  cortex  of  the 
spine  is  derived  from  the  cells  of  the  inner  root  sheaths.  A 
large  somewhat  fan-shaped  arrector  pili  muscle  is  placed  hori- 
zontally on  one  side  of  the  follicle  (a,  fig.  1,  PL  XI.).  Its  fibres 
are  non-striped  and  of  large  size,  and  are  mostly  attached  to  the 
adjacent  side  of  the  follicle,  but  a  few  fibres  pass  beneath  the 
follicle  and  are  inserted  into  its  opposite  side,  thereby  increas- 
ing the  leverage  of  the  muscle  on  the  spine,  by  which  it  can  be 
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completely  erected.  The  greater  part  of  the  muscle  arises  from 
the  deeper  layers  of  the  cutia  The  rete  mirahile  of  blood- 
vessels already  alluded  to  (r,  fig.  1,  PL  XL)  occurs  near  the 
base  of  the  follicle,  on  the  side  opposite  to  the  muscle.  It  does 
not  seem  to  be  directly  continuous  with  the  blood-vessels  of  the 
papilla.  In  the  upper  part  of  the  follicle  there  is  a  narrow 
tubular  space  similar  to  that  into  which  the  secretion  of  the 
sebaceous  glands  is  poured  in  ordinary  hairs,  but  since  no 
sebaceous  or  other  glands  are  developed  iu  relation  to  the  spines 
this  space  is  empty,  except  at  its  lower  end  where  some  epithelial 
dibria  is  apt  to  accumulate. 

I  have  been  unable  to  trace  any  nerves  passing  either  directly 
to  the  follicle  or  ending  in  its  immediate  neighbourhood, 
although  nerve-trunks,  often  of  considerable  size,  are  found  near 
its  base ;  yet  it  seems  probable  that  there  must  be  some  close 
relation  between  sensory  nerve  filaments  and  the  spines,  since  a 
very  slight  pull  or  even  a  touch  of  a  single  spine  is  sufficient  to 
cause  an  immediate  reflex  contraction  of  the  adjacent  skin. 

The  Ventral  Region. — The  skin  of  the  ventral  surface  and 
limbs  is  densely  clothed  with  rather  stiff  hairs,  which  on  the 
flanks  gradually  pass  into  the  spines.  It  is  much  thinner  and 
less  rugose  than  that  of  the  dorsal  surface,  and  contains  both 
sweat  and  sebaceous  glands;  it  is  very  vascular,  and  its  deeper 
layers  contain  much  adipose  tissue,  and  the  parvaic^dua 
camodtua  is  not  so  well  developed  here  as  in  the  back.  The 
epithelial  covering  is  also  very  thin  and  forms  only  two  layers ; 
the  homy  layer  never  presents  the  macerated  appearance 
commonly  met  with  among  the  spines.  The  true  skin  is  only 
about  half  as  thick  as  that  of  the  back,  and  consists  of  small 
bundles  of  fine  fibres  somewhat  loosely  interwoven,  among  which 
are  many  clasping  cells ;  it  contains  a  large  number  of  fine  elastic 
fibres  and  many  blood-vessels  ramifying  throughout  its  whole 
extent,  and  especially  grouped  round  the  hair  follicles  and  sweat 
glands.  The  pigment  cells,  so  numerous  in  the  dorsal  skin,  are 
here  few  in  number. 

The  acini  of  sweat  glands  situated  deep  in  the  cutis  vera 
resemble  those  of  other  mammals.  The  lumen  is  surrounded 
by  a  single  layer  of  clear  columnar  cells,  placed  immediately  on 
the  basement  membrane ;  the  intervening  layer  of  non-stripp'l 
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muscle  fibres  being  almost  absent  in  this  animal  The  duct 
has  a  wavy  course  through  the  dermis,  but,  owing  to  the  extreme 
thinness  of  the  epidermis,  there  is  no  spiral  arrangement  of  its 
outer  part.  It  is  lined  by  a  single  layer  of  clear  cubical  cells 
with  large  spherical  nuclei,  outside  which  is  a  basement 
membrane  of  varying  thickness ;  the  cuticular  lining  inside  the 
cells  is  of  extreme  tenuity. 

The  hair  follicles  are  similar  in  structure  to  those  of  other 
mammals  such  as  the  cat  and  dog,  the  inner  root  sheath  being 
differentiated  into  the  usual  layers,  while  the  lamina  vUrea  is 
of  considerable  thickness.  The  arrector  pUi  muscle,  which  is 
rather  large  for  the  size  of  the  hair,  Is  attached  to  the  follicle  in 
the  usual  manner,  but  radiates  outwards  in  many  fine  strands 
that  spread  out  into  a  sort  of  reticulum  enclosing  the  acini  of 
numerous  large  sebaceous  glands,  identical  in  structure  and 
arrangement  with  those  of  other  animals. 

The  pannicuZua  ca/moevs  of  the  ventral  surface  generally 
resembles  that  of  the  dorsal  region,  but  its  fibres  are  remarkable 
for  the  large  number  of  nuclei  they  contain.  In  some  fibres 
the  nuclei  are  arranged  in  four  or  five  rows  beneath  the 
sarcolemma  running  either  longitudinally  or  spirally  along  the 
fibrea  In  each  row  the  nuclei  are  arranged  end  to  end  in  single 
file.  Such  arrangement  is  similar  to  that  in  the  muscle  of  the 
imago  of  the  common  blue  butterfly  {Lycoena  ica/rus^  Bott.). 
In  other  fibres  of  the  pannicvlua  camosus  there  is  a  centrally 
placed  core  of  undifferentiated  protoplasm  containing  nuclei 
(a,  fig.  2,  PI.  XI.)  similar  to  those  beneath  the  sarcolemma. 
The  tube  of  sarcous  matter  surrounding  the  core  consists  of  the 
usual  fibrillar  bundles,  which  on  transverse  section  present  the 
familiar  appearance  of  Cohnheim's  areas.  In  place  of  the 
central  core  of  undifferentiated  protoplasm  some  fibres  may 
exhibit  single  nuclei,  each  surrounded  by  a  little  undifferen- 
tiated protoplasm,  and  scattered  amidst  the  fibrillar  bundles, 
exactly  resembling  the  arrangement  met  with  in  amphibian 
muscle  (6,  fig.  2,  PL  XI.).  Such  arrangement  is  by  no  means 
uncommon  in  the  hedgehog,  for,  as  has  already  been  pointed 
out  in  a  previous  paper,^  similar  fibres  are  to  be  found  at  the 
root  of  the  tongue  and  also  in  various  parts  of  the  oesophagus. 

^  See  this  Journal,  vol.  zxyii.  pp.  90  and  92. 
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Thinking  that  similar  fibres  might  be  found  in  the  homologoas 
moscle  in  the  human  subject,  I  made  sections  of  the  platysma, 
but  fidled  to  find  any«  All  the  forms  of  fibres  above  described 
are  no  doubt  to  be  regarded  as  ordinary  muscle  fibres  arrested 
in  various  stages  of  development 

Certain  reasons  may,  I  think,  be  adduced  to  account  for  this 
difference  between  the  skin  of  the  dorsal  and  ventral  sarbceB, 
If  we  take  into  account  the  torpidity  of  the  animal,  the  orbicular 
position  assumed  by  ifc,  and  its  low  temperature  during  the 
period  of  hibernation,  it  will  be  seen  that  the  toughness  and 
non-vascularity  of  its  exposed  cutaneous  surfetce  becomes 
easentiaL  In  the  first  place,  the  animal  passing  the  winter 
rolled  into  a  ball,  and  in  a  perfectly  torpid  condition,  from  which 
it  is  with  difficulty  aroused,  cannot  escape  by  flight  from  its 
various  enemies,  but  must  trust  entirely  to.  the  quality  of  its 
exposed  dermal  surface  for  protection,  hence  the  development 
of  the  spines,  and  tough/Msa  of  the  true  skin.  Secondly,  since 
the  animal  cannot,  during  hibernation,  obtain  fresh  supplies  of 
energising  material  from  without,  but  has  to  depend  entirely 
upon  that  which  is  stcMred  in  its  body  for  the  production  of  heat, 
it  can  ill  a£Pord  to  lose  any  by  radiation,  as  would  certainly  occur 
if  the  skin  were  thin  and  vascular,  and  contained  sweat  glands ; 
great  advantage  is  therefore  secured  to  the  animal  by  a  thick 
close  skin,  from  which  glands  and  blood-vessels  are  practically 
absent  As  regards  the  ventral  surface  the  case  is  different,  for 
being  with  the  head  and  limbs  rolled  up  during  hibernation 
within  the  dorsal  skin,  little  heat  will  be  lost  by  it,  this  loss 
being  still  further  diminished  by  the  habit  which  the  animals 
have  of  lining  their  retreats  with  hay  and  of  huddling  them- 
selves together  in  large  numbers  during  the  winter  months. 

Protection  and  prevention  of  loss  of  heat  by  radiation  seem, 
therefore,  to  be  the  chief  factors  in  determining  the  variations 
alluded  to  in  the  skin  of  the  various  parts  of  the  hedgehog. 

Haibs  and  Spines. — ^The  hairs  that  clothe  the  abdominal 
surface  of  the  animal  are  fibrous  or  fibn>cellular  in  characteri 
the  cortex  being  of  considerable  thickness  compared  with  the 
medulla  which  presents  vacuolated  spaces  separated  from  one 
another  by  thin  transverse  septa,  some  of  which  may,  however, 
run  obliquely  or  even  vertically  between  the  transverse  ones 
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(fig.  3,  PL  XI.).  In  the  cortex  some  remains  of  nuclei  may  often 
be  met  with,  and  the  cuticle  of  the  hair  consists  of  the  usaai 
imbricated  scales.  Towards  the  flanks  thicker  hairs  may  be  seen, 
somewhat  rigid  in  character,  which  might  almost  be  termed 
bristles.  If  these  be  examined  they  will  be  found  to  possess  & 
wide  medulla,  the  spaces  in  which  are  larger  and  wider  than 
those  of  the  hairs,  and  the  septa  between  them  instead  of  being* 
simple  are  compound,  often  very  thick  and  fenestrated ;  each 
septum  branching  again  and  again  before  becoming  continuous 
with  the  cortex  (fig.  4,  PI.  XL).  The  latter  is  comparatively 
thin  and  contains  remains  of  nuclei.  The  tips  of  the  bristles 
exactly  resemble  the  shafts  of  the  hairs  in  structure. 

The  Spines. — In  his  Anatomy  of  Vertebrates,^  Sir  R  Owen 
mentions  the  following  points  in  connection  with  the  quilis  of 
the  hedgehog : — The  spines  are  nearly  straight,  end  in  points, 
and  when  fully  formed  are  smaller  at  the  roots  than  in  the 
shaft.  They  possess  a  thick,  stiff,  homy  cortex,  including  a  pith 
of  cells  arranged  in  transverse  groups.  The  matrix  is  originally 
situated  beneath  the  derm  in  contact  with  the  panniculus 
carnosus.  The  roots  and  sheaths  of  the  quills  extend  to 
different  depths  according  to  the  period  of  growth,  the  newest 
deepest,  and  without  a  neck ;  when  older  they  come  near  the 
surface,  the  pith  at  the  neck  is  absorbed,  leaving  a  narrow  neck 
below  which  is  a  remnant  of  matrix. 

The  spines,  which  are  striped  transversely  with  black  and 
white  alternately,  are  fusiform  in  shape,  the  free  extremity  being 
sharp  and  hard ;  the  shaft  is  nearly  cylindrical,  and  presents  22 
or  24  shallow  longitudinal  furrows.  It  narrows  into  a  thin  neck 
just  before  being  inserted  into  the  follicle  already  described 
(fig.  1,  PL  XL);  this  neck  is  usually  slightly  bent,  sometimes 
almost  to  a  right  angle,  and  is  highly  elastic ;  at  the  follicle  it 
suddenly  widens  out  into  an  almost  hemispherical  termination, 
the  flat  surface  of  which  is  external  and  caught  beneath  a  little 
fold  of  skin ;  by  this  means  the  spine  is  firmly  anchored  in  its 
follicle,  so  firmly  indeed  that  the  weight  of  the  whole  animal 
can  be  supported  by  one  spine  alone.  Should  an  attempt  be 
made  to  extract  a  spine  from  the  living  animal  by  great  force, 
it  will  be  found  impossible  to  withdraw  it  whole ;  it  invariably 

^  Anatomy  of  Fertebrates,  Lond.,  1868,  vol.  iii.  p.  621. 


HlffTOLOGT  OF  THE  HSDGEHOG.  175 

snaps  acroflB  at  the  neck.  But  after  the  animal  has  been  dead 
for  a  day  or  two  the  spines  may  be  easily  extracted  from  the 
skiiu  In  this  condition  they  are  soft  enough  to  be  cut  with  a 
razor,  either  by  hand  or  in  the  freezing  microtome,  the  indurated 
tip  being  the  only  portion  that  completely  resists  the  knife. 
Afber  the  spine  has  been  withdrawn  for  a  few  days  it  becomes 
ao  hard  that  it  is  quite  impossible  to  section  it  The  curve  on 
the  neck  of  the  spine  is  of  great  importance  to  the  animal,  as 
pointed  out  by  Wood/  seeing  that  any  violence  applied  vertically 
to  the  tip  of  the  spine  is  expended  in  bending  the  neck,  whereas 
if  the  spine  were  straight,  the  force  might  be  sufficient  to 
drive  it  through  the  skin  into  the  subjacent  tissues ;  therefore 
although  great  force  is  applied  vertically  to  the  spines  when 
the  animals  throw  themselves  down  steep  rocks,  &c.,  they  do 
not  appear  to  experience  any  injury. 

A.  spine  may  be  divided  into  three  parts — cuticle,  cortex,  and 
medulla.  The  ctUide  consists  of  a  single  layer  of  imbricated 
keratinised  epidermic  scales,  which  are  large,  irregular,  plate-like 
structures  devoid  of  nuclei,  and  which  do  not  stain  at  all  readily 
with  either  basic  or  acid  anilin  dyea  It  extends  from  the  bulb 
to  the  tip  of  the  spine,  dipping  in  at  the  longitudinal  furrows  to 
form  a  continuous  outer  coat.  The  cortex  is  very  narrow,  being 
reduced  in  the  centre  of  the  shaft  to  a  mere  shell,  but  becomes 
thicker  towards  the  hard  tip  of  the  spine,  of  which  it  is  the  main 
constituent,  but  thins  off  considerably  at  the  bulb  (c,  fig.  6,  PI. 
XL).  It  is  composed  as  in  the  hair  of  flat,  narrow,  epithelial 
scales,  elongated  in  the  long  axis  of  the  spine  and  giving  a  fibrous 
appearance.  These  cells  and  the  small  amount  of  cement  sub- 
stance between  them  often  contain  pigment  of  a  dark  colour.  In 
transverse  sections  the  cortex  is  seen  to  project  inwards  towards 
the  centre  of  the  spine  at  regular  intervals,  forming  about  24 
longitudinal  ridges  or  septa,  which  extend  the  whole  length  of 
the  shaft  and  tip,  and  correspond  to  the  furrows  already  noticed 
on  the  external  surface  (6,  fig.  6,  PL  XI.).  These  septa  project 
inwards  for  about  a  fourth  of  the  distance  from  the  inner  surface 
of  the  cortex  to  the  centre  of  the  spine.  They  may  be  regarded 
as  internal  buttresses  giving  additional  strength  to  the  structure, 
enabling  it  to  support  a  greater  weight  applied  vertically  to  the 

^  ytUuTol  Hittory  (second  edition),  Lond.,  1864. 
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tip  than  a  simple  cylindrical  sheath  of  cortical  substance  would 
admit  of.  They  must  also  add  greatly  to  the  elasticity  of  the 
spine,  preventing  undue  bending  of  it  from  lateral  strain,  and 
enabling  it  easily  to  recover  its  normal  shape.  The  internal 
edges  of  the  buttresses  are  not  sharp  but  nicely  rounded,  often 
exhibiting  a  slight  thickening,  so  that  in  transverse  sections 
each  buttress  seems  to  end  in  a  slightly  thickened  knob.  The 
cortex  as  a  whole  stains  differently  with  different  anilin  dyes, 
having  a  decided  preference  for  the  add  aniUns,  such  as  acid 
fuchsin,  eosin,  and  acid  orange,  whilst  it  is  only  slightly  stained 
with  basic  anilins,  showing  thereby  its  keratinised  condition. 
At  the  root  the  cortex  becomes  continuous  with  the  inner  root 
sheath,  and  exhibits  in  this  region  a  marked  cellular  structure ; 
the  nuclei  of  its  cells  being  plainly  visible  when  suitably  stained. 

The  medulla  is  very  large,  occupying  by  far  the  greater  part 
of  the  spine ;  it  is  thickest  in  the  middle  of  the  shaft,  becoming 
gradually  thinner  towards  the  tip,  from  which  it  may  be  almost 
absent ;  in  the  neck  and  bulb  it  is  also  much  narrower  than  in  the 
shaft,  and,  as  already  pointed  out,  springs  from  the  large  columnar 
cells  covering  the  fibrous  papilla.  The  medulla  is  divided  into 
narrow,  somewhat  lenticular  chambers : — the  primary  locvli  (i^, 
fig.  5,  PL  XI.),  by  horizontal  imperforate  septa  of  delicate  tissue; 
the  primary  septa  {s,  fig.  5,  PL  XI.),  which  may  be  simple  or 
compound.  There  appears  to  be  no  communication  between 
neighbouring  primary  loculL  The  primary  septa  split  into  several 
layers  when  they  reach  the  inner  limits  of  the  cortical  buttresses, 
and  these  seconda/ry  septa  (s^,  fig.  5,  PL  XI.)  penetrate  into  the 
spaces  between  the  buttresses,  to  become  attached  to  the  cortex. 
In  this  way  a  very  firm  attachment  is  obtained,  and  the  space 
enclosed  between  neighbouring  buttresses  is  divided  into  a  large 
number  of  secondary  horizontal  chambers  of  triangular  shape — 
the  secondary  locvli  (l^,  fig.  5,  PL  XI.),  much  smaller  than  the 
primary.  A  very  instructive  view  of  the  secondary  loculi  may  be 
obtained  by  making  a  surface  section  of  a  spine  (fig.  7,  PL  XL), 
in  which  it  will  be  seen  that  the  secondary  septa  are  again  often 
split  into  smaller  leaflets — the  tertiary  septa  {s^  figs.  5  and  7, 
PL  XI.),  producing  a  third  set  of  minute  chambers  along  the  sides 
of  the  buttresses — the  tertiary  locvli  (/j,  figs.  5  and  7,  PL  XI.). 

The  diagram  on  the  opposite  page  represents  what  I  believe 
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to  be  the  airangement  of  septa  and  loculi,  reduced  to  its 
simplest  expressioD. 

In  reality,  however,  the  arrangement  is  never  quite  so  simple, 
for  the  primary  septa  are  often  compouud  and  enclose  minute 
flattened  cavities  within  their  thickness;  the  secondary  septa 
also  spring  from  the  primary  in  a  somewhat  irregular  manner,  the 
division  sometimes  occurring  near  the  centre  of  the  medulla 
causing  great  variation  in  the  size  of  the  secondary  loculi,  and 
rendering  the  whole  arrangement  of  the  pith  very  complicated 
(fig.  5,  PL  XL).  In  the  follicle  the  arrangement  is  much  simpler, 
only  the  primary  septa  and  primary  loculi  being  distinctly 
developed.  The  septa  have  the  form  of  inverted  saucers  inclos- 
ing narrow  crescentic  loculi ;  transitions  between  this  and  the 


SeCONOARV  SEPT. 


PRIMARY  SEPTUM 


TCRTIAKV   SEPT. 


SECONDARY  LOG. 


PRIMARY    LOCULUS 


TERTIARY  LOG 


DiAgrammatic  representation  of  the  arrangement  of  septa  and  loculi  in  the 

medulla  of  the  spine. 

arrangement  found  in  the  shaft  may  be  observed  where  the 
neck  widens  into  the  body  of  the  spine. 

No  doubt  these  strands  by  their  numbers  bind  the  buttresses 
very  firmly  together,  and  thus  prevent  undue  separation  by  violent 
and  sudden  vertical  strain  The  septa  stain  deeply  with  basic 
but  only  feebly  with  acid  anilin  dyea  The  central  septa  stain 
more  deeply  than  the  thinner  marginal  ones,  no  doubt  owing  to 
their  greater  thickness ;  their  staining,  however,  is  irregular,  and 
thus  gives  a  blotchy  appearance  (a^,  fig.  6,  PL  XI.).  The  secondary 
septa  exhibit  near  the  buttresses  small  deeply-stained  spots. 
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which  may  possibly  be  the  remaiDs  of  nuclei  ^82,  fig.  6,  PL  XX.  ^. 
These  spots  are  most  conspicuously  brought  out  by  methyl  blue 
and  saffranin.    All  the  loculi  appear  to  contain  only  air. 

In  transverse  section  the  centre  of  the  spine  appears  eitber 
as  an  empty  space  or  to  be  filled  with  a  membrane,  according 
as  the  section  has  passed  through  a  chamber  or  at  the  level  of 
one  of  the  primary  septa.  The  spaces  between  the  buttresses 
always  contain  membrane,  owing  to  the  closeness  of  the  tertiary 
septa,  a  portion  of  one  or  more  of  them  always  appearing  in. 
every  section. 

Morphology  of  the  Spines, — From  the  foregoing  it  will  be 
seen  that  the  spine  is  morphologically  a  hair.  Each  spiae 
springs  from  a  simple  follicle,  and  not  from  a  compound  or  from 
several  adjacent  ones;  it  consists  of  the  same  elements  as  & 
hair,  and  is  developed  in  a  similar  manner;  further,  a  gradu&l 
transition  may  be  traced  from  the  hairs  of  the  ventral  surface 
through  the  bristles  of  the  fianks  to  the  spines  of  the  back. 
For  the  present,  owing  to  lack  of  material,  I  am  unable  to 
adduce  any  support  in  favour  of  this  opinion  from  the  embryo- 
logical  side,  but  believe  that  were  it  obtainable  it  would 
entirely  confirm  my  view. 


EXPLANATION  OF  PLATE  XI. 

Fio.  1.— Vertioal  section  of  Spine  Follicle,     a,  arrector  pUi  muscle  ;  e,  stratam 

comeum  ;  (2,  dermis ;  m,  stratum  Malpighii ;  n,  nerve ;  j?,  papilla  ;  p.c, 

panniculus  camosus  ;  r,  rete  mirablle  ;  S,  spine  ;  v,  blood-vessels. 
Fio.  2. — ^Transverse  section  of  two  fibres  of  the  ventral  panniculus  camosua  in 

arrested  development,    a,  nuclei  in   tubular  space  in  centre  of  fibre  ;  6, 

nucleus  amongst  the  fibrils  ;  c,  nuclei  under  the  sarcolemma. 
Fio.  3. — A  hair  of  the  ventral  skin,    c,  cortex ;  m,  medulla. 
Fro.  4.  — A  bristle  from  the  flanks,    e,  cortex ;  m,  medulla  divided  into  irregnlar 

chambers  by  thick  vacuolated  transverse  septa. 
Fia  5. — Longitudinal  section  of  Spine,    i,  buttress  out  of  focus ;  e,  oortex  ;  m, 

medulla ;  2|,  primary  loculus ;  ^  secondary  loculus ;  l^  tertiary  loculos ; 

8-^  primary  septum  ;  8^  secondary  septum ;  93,  tertiary  septum. 
Fio.  6. — Transverse  section  of  Spine  about  its  middle.    &,  buttress  ;  c,  cortex  ; 

«i,  primary  septum  of  medulla  ;  8^  secondary  septum. 
Fio.  7. — Surface  section  of  Spine  showing  the  spaces  between  the  buttresses.     6, 

buttress ;  c,  cortex ;  2,,  secondary  loculus ;  ^3,  tertiary  loculus ;  s^  secondary 

septum  ;  a,,  tertiary  septum. 
Fio.  8. — Oaticle  of  Spine. 


THE  RELATION  OF  THE  DURA  MATER  SURROUND- 
ING THE  INFERIOR  MAXILLARY  NERVE  TO 
THE  TEMPORO  -  MAXILLARY  ARTICULATION. 
By  Edwabd  Fawcett,  M.B.  (Edin.),  Demonstrator  of 
Anatomy f  Yorkshire  College,  Leeds, 

The  following  facts  were  elicited  from  a  series  of  dissections  of 
the  temporo-mazillary  region  from  above, — a  method  of  dis- 
section  I  always  adopt  after  dissecting  the  orbit  from  the 
outer  side. 

If  in  the  dissection  the  outer  wall  of  the  foramen  ovale  be 
removed,  there  is  seen  lying  in  the  foramen  a  tube  of  dura 
mater,  and  this  tube  of  dui*a  mater  of  course  contains  the 
inferior  maxillary  nerve. 

This  dura  mater  having  emerged  from  the  canal,  is  seen  to 
split  into  three  parts — which  may  be  named,  from  their  relative 
position  one  to  another,  Anterior,  External,  and  Posterior. 

The  Anterior  band  passes  downwards  and  slightly  forwards, 
and  soon  reaches  the  inner  surface  of  the  external  pterygoid 
muscle,  with  whose  sheath  it  blends  and  is  no  longer  distinguish- 
able. If  this  band  be  examined  carefully  and  slit  with  a  knife 
it  will  be  found  to  contain  the  buccal  and  external  pterygoidean 
branches  of  the  inferior  maxillarj  nerve. 

The  External  band,  when  traced  downwards,  is  seen  to  pass 
over  the  upper  border  of  the  outer  surface  of  the  external 
pterygoid  muscle,  and  to  end  by  sweeping  round  the  front  of 
the  capsular  ligament  of  the  temporo-maxillary  articulation  and 
blending  with  it.    This  band  contains  the  masseteric  nerve. 

The  Posterior  band  passes  backwards  on  the  inner  side  of 
the  condyle  of  the  lower  jaw,  being  directed  thither  by  the 
auriculo-temporal  nerve,  which  is  seen  lying  in  this  band: 
having  reached  the  inner  side  of  the  condyle  this  band  for  the 
most  part  leaves  the  nerve  and  blends  with  the  capsular 
ligament  of  the  jaw  articulation. 

Seeing,  then,  that  two  of  these  bands  are  attached  to  the 
capsule  of  the  joint,  we  would  at  once  suppose  they  would  take 
part  in  any  movement  of  that  capsule,  and  this  is  the  case. 
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The  movement  depends  entirely  on  the  amount  of  movencient 
of  the  lower  jaw.  If  the  lower  jaw  be  markedly  depressed,  as 
in  yawning,  the  external  band  is  carried  forward  with  the  condyle 
of  the  jaw  and  finally  becomes  tenee^  distinctly  tense :  elevation 
of  the  jaw  following  yawning  consequently  relaxes  the  baxid. 
The  anterior  and  posterior  bcuids  also  undergo  considerable 
movement,  but  scarcely  become  tense. 


UNNAMED  SUPERNUMERARY  NASAL  CARTILAGES. 
By  Walker  Downib,  M.B.,  F.F.P.  and  S.O.,  Surgeon  to 
DepcurtTiient  for  Diseases  of  Throat  and  Nose,  Western 
Infirmary,  Qlasgow,  Ac. 

Among  patients  who  have  come  under  my  observation  in 
hospital  and  elsewhere,  suffering  from  various  affections  of  the 
nose,  have  been  three  cases  wibh  a  painful  excoriated  state  of 
the  Bkin  around  the  anterior  nares.  The  primary  irritation 
leading  to  the  excoriation  appeared  to  be  in  each  case  the 
watery  discharge  accompanying  an  ordinary  nasal  catarrh,  but 
the  locality  affected  was  in  them  rendered  more  prone  to  irri- 
tation than  usual  from  a  peculiar  anatomical  fonnation  due  to 
the  presence  of  supernumerary  cartilages  which  I  have  nowhere 
seen  described  A  note  of  their  occurrence  may  be  of  interest 
to  anatomists  as  well  as  to  nasal  surgeons. 

The  first  case  came  under  my  care  on  24th  February  1888. 
Patient  was  a  girl  aged  16,  who  complained  of  pain  at  the 
inner  side  of  each  ala  nasi,  at  which  site  there  was  a  fissure  a 
quarter  of  an  inch  in  length  and  directed  downwards,  and  the 
skin  of  the  upper  lip  around  the  fissure  was  red,  swollen,  and 
tender.  These  parts  she  said  were  constantly  tender,  but  the 
condition  was  greatly  exaggerated  during  the  currency  of  a 
nasal  catarrh.  On  examination  of  the  nose  it  was  found  that 
though  the  strip  of  shin  dividing  the  two  anterior  nares  was  of 
an  average  breadth,  the  mucous  membrane  immediately  within 
appeared  greatly  swollen,  to  such  an  extent  in  fact  as  to  almost 
completely  block  the  lower  half  of  each  anterior  naris  and  to 
seriously  impede  nasal  respiration.  Each  swelling,  somewhat 
pyramidal  in  shape,  appeared  to  spring  from  the  sides  of  the 
fleshy  septum  in  front  of  the  anterior  extremity  of  the 
cartilaginous  septum,  and  from  this  base  they  were  directed  out- 
wards and  upwards  towards  the  anterior  end  of  the  inferior  tur- 
binated bone,  with  which  the  apex  of  each  cone-like  swelling 
almost  came  into  contact. 

On  palpation,  each  prominence  was  found  to  be  hard,  firm, 
and  freely  movable,  each  being  separate  from  the  other  and  from 
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the  septal  cartilage.    The  apex  of  each  swelling  was  pale  in 
colour,  as  if  the  mucous  membrane  was  stretched  over  it,  at  wldch 
point  the  cartilage  was  most  superficial.    Though  I  had  neither 
seen  nor  heard  of  such  a  deformity,  I  advised  removal  of  the 
swellings,  feeling  sure  that  the  hard  bodies  were  cartilaginous 
in  character  and    could    be  readily  dissected  out.     On    the 
28th  of  the  same  month  the  patient  was  placed   under    the 
influence  of  chloroform  by  Dr  McCartney,  when  I  dissected  out 
the  hard  body  on  either  side.    These  proved  to  be  two  smaU 
cartilages  resembUng  in  shape,  though  in  size  somewhat  smaller 
than  the  arytenoid  cartilages.    The  base  in  its  greatest  length 
was  ^  of  an  inch,  and  from  base  to  apex  measured  barely  three 
linea    The  parts  healed  satisfactorily,  leaving  the  nasal  passages 
free ;  and  on  seeing  the  patient  after  a  considerable  interval  of 
time  I  learned  that  since  the  operation  there  had  been  no  excori- 
ation of  the  parts,  even  during  the  prevalence  of  a  catarrhal 
rhinitis. 

Many  works  containing  descriptions  of  the  anatomy  of  the 
nose  were  searched,  but  no  reference  to  the  occurrence  of  such 
supernumerary  cartilages  was  found.     Thus  I  was  content   to 
consider  this  case  as  an  example  of  some  very  rare  abnormality, 
and  possibly  due  to  some  malformation  of,  probably,  the  inner 
portion  of    the   lateral    cartilage  rather  than  of  the  septal 
cartilage.     However,  since  the  occurrence  of  the  case  described 
other  two  equally  marked  examples  of  the  same  condition  have 
been  under  my  care.     One  was  in  a  woman  33  years  of  age, 
the  other  in  a  man  42  years  of  age.    Each  had  excoriation 
of  the  upper  lip  in  the  neighbourhood  of  the  nares,  and  there 
was  a  hack  or  fissure,  running  inwards,  of  the  lip  as  it  curves 
inwards  to  join  the  mucous  membrane  of  the  floor  of  the 
nose.    On  cutting  down  over  the  swellings,  the  hard  bodies  in 
each  case  proved  to  be  cai*tilages  very  similar  in  form  and  size 
to  those  already  described,  and  occurring  in  the  fleshy  septum, 
and  quite  apart  from  any  of  the  neighbouring  cartilaginous 
structures.    In  each  case   their  removal    restored  free   nasal 
respiration,  and  the  excoriation  of  the  skin  disappeared.     I  have 
no  doubt  but  that  such  cartilages  occur  in  many  cases — so  small, 
however,  as  to  give  rise  to  little  or  no  discomfort 


THIRD  ANNUAL  REPORT  OF  THE  COMMITTEE  OF 
CJOLLECnVE  INVESTIGATION  OF  THE  ANA- 
TOMICAL SOCIETY  OF  GREAT  BRITAIN  AND 
IRELAND  FOR  THE  TEAR  1891-92.  >  Reported  by 
Arthur  Thomsok,  M.A,  M.B.,  Lecturer  on  Anatomy 
University  of  Oxford. 

The  following  questions  were  issued  by  the  Committee  of  Col- 
lective Investigation  early  in  October  1891 : — 

1.  Mode  and  place  of  origin  of  the  middle  sacral  artery. 

2.  Frequency  of  the  psoas  parvus,  and,  if  possible,  to  note  the 

nerve-supply. 

3.  Arrangement  of  the  branches  arising  from  the  arch  of  the 

aorta,  with  special  reference  to — 

(1)  Origin  of  the  brachio-cephalic  and  left  common 

carotid  arteries  by  a  common  trunk. 

(2)  Dorsal  origin  of  the  right  subclavian  artery. 

(3)  Origin  of  the  left  vertebral  from  the  arch. 

(4)  Other  branches  arising  from  the  arch. 

4.  Frequency  and  arrangement  of  communication  between 

the  median  (or  anterior  interosseous)  and  ulnar  nerves 
in  the  forearm. 

The  Report  compares  favourably  with  that  issued  last  year. 
Notices  were  sent  to  thirty-nine  institutions,  and  replies  have 
been  received  from  nineteen.  Through  some  mischance  the 
notices  forwarded  to  Charing  Cross  Hospital  Medical  School, 
the  School  of  Medicine  for  Women,  and  the  Middlesex  Hospital 
Medical  School  were  not  received,  and  the  secretary  has  letters 
from  Messrs  Stanley-Boyd  and  Gordon-Brodie,  expressing  regret 
that  they  have  been  unable  to  contribute  to  this  year's  report. 

These  facts  prove  that  the  interest  in  the  work  is  still  main- 
tained, and  the  Committee  look  forward  to  a  continuance  of  the 
support  they  have  already  received. 

Subjoined  is  a  list  of  the  schools  to  which  notices  were  sent. 
An  asterisk  is  placed  opposite  those  from  which  returns  have 
been  received : — 

^  The  Second  Annaal  Report  appeared  in  the  Journal  of  Anatomy  and  Physuh 
^,  vol.  zzri.,  October  1891, 
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"^Sb  BartbolomeVs  Hospital,  Lon- 
don. 

Charing  Cross  Hospital,  London. 

*St  George's  Hospital,  London. 

Guy's  Hospital,  London. 

King's  College,  London. 

London  Hospital,  London. 

*St  Mary's  Hospital,  London. 

Middlesex  Hospital,  London. 

*St  Thomas'  Hospital,  London. 

♦University  College,  London. 

♦Westminster  Hospital,  London. 

London  School  of  Medicine  for 
Women. 

Cook's  School  of  Anatomy. 

♦University  of  Oxford. 

♦University  of  Cambridge. 

♦Queen's  College,  Birmingham. 

Bristol  Medical  School. 

♦School  of  Medicine,  Yorkshire 
College,  Leeds. 

*School  of  Medicine,  University 
College,  Liverpool 

♦The  Owens  College,  Manchester. 

Medical  School,  Firth  College, 
Sheffield. 


♦University  of  Durham  School  of 
Medicine,  Newcastle-on-Tyne. 

♦University  of  Edinburgh. 

School  of  Medicine,  Royal  College 
of  Surgeons,  Edinburgh. 

School  of  Medicine,  Minto  House, 
Edinburgh. 

University  College,  Dundee. 

School  of  Medicine  for  Women, 
Edinburgh. 

*University  of  Aberdeen. 

♦University  of  Glasgow. 

Anderson  College,  Glasgow. 

St  Mungo's  College,  Glasgow. 

Western  Medical  School,  Glasgow. 

*School  of  Physic,  Trinity  College, 
Dublin. 

Carmichael  School  of  Medicine, 
Dublin. 

♦Catholic  University  School  of 
Medicine,  Dublin. 

Eoyal  College  of  Surgeons,  Ire- 
land. 

♦Queen's  College,  Belfast. 

Queen's  College,  Cork. 

Queen's  College,  Galway. 


REPORT. 

Question  I. 

Mode  and  place  of  origin  of  the  middle  sacral  artery. 

To  this  question  replies  have  been  received  from  the  following 
gentlemen,  representing  different  schools : — 

Messrs  E.  Knight,  The  Owens  College,  Manchester;  G.  Jamison^ 
Trinity  College,  Dublin ;  J.  Yule  Mackay,  University  of  Glasgow ;  J. 
M.  Martin,  University  of  Cambridge ;  W.  Thelwall  Thomas,  Univer- 
sity College,  Liverpool ;  Lockhart  Lowe,  Queen's  College,  Birmingham ; 
C.  G.  B.  Kemp,  University  of  Durham  Medical  School,  NewcastleK)n- 
Tyne ;  W.  P.  Herringham,  St  Bartholomew's  Hospital,  London ;  J. 
W.  Crerar,  University  of  Edinburgh ;  John  Campbell,  Queen's  College, 
Belfast;  H.  G.  Lawrence,  St  Mary's  Hospital,  London;  Edwwd 
Fawcett,  Yorkshire  College,  Leeds  ;  F.  Kenneth  Wilson,  Westminster 
Hospital,  London  ;  F.  G.  Parsons,  St  Thomas'  Hospital,  London ;  and 
the  University  of  Oxford. 

Records  in  all  of  400  cases  have  been  received,  and  after  analysis 
have  been  arranged  in  nine  classes,  as  figured  A,  B,  C,  D,  E,  F,  G,  H,  I 
in  the  accompanying  diagram.  Appended  to  each  figure  is  the  number 
of  cases  noted,  with,  in  most  instances,  the  percentage  of  occurrence. 
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Little  requires  to  be  added  in  explanation  of  tbe  figures,  except  to 
note  partiadarly  that  it  is  the  posterior  wrfa/ct  of  the  aorta  that  is 
represented  :  this  view  of  the  vessels  was  adopted  as  being  more  con- 
venient for  the  representation  of  the  various  modes  of  origin  of  the 
middle  saoral  artery. 

Fig.  A  includes  all  those  oases  where  the  middle  nacral  arterj  took 
origin  at  a  point  ^  of  an  inch  and  upwards  from  the  bifurcation  of 
the  aorta.     From  the  data  furnished  by  the  various  observers, 

20  per  cent,  of  the  instances  recorded  in  fig.  A  arose  at  a  point 
about  ^  of  an  inch  or  3  mm.  distant  from  the  bifurcation. 

44  per  cent,  at  a  point  about  ^  of  an  inch  or  G  mm.  from  the 
bifurcation. 

30  per  cent  at  a  point  |  an  inch  or  12*5  mm.  from  the  bifurcation ; 
and 

6  per  cent,  at  a  point  f  of  an  inch  or  19  mm.  from  the  bifurcation. 

Instances  were  also  recorded  where  the  artery  arose  from  the 
parent  stem  as  high  as  1  inch  or  25  mm.  above  the  bifurcation. 

Fig.  B  includes  all  those  examples  in  which  the  artery  arose 
vfithin  an  ^  of  an  inch  or  3  mm.  of  the  bifurcation.  It  has  been 
very  rare  indeed  to  find  the  artery  arising  just  at  the  point  of  division 
of  the  aorta,  and  only  one  case  is  recorded  of  tliis  condition. 

Fig.  C  includes  those  cases  in  which  the  middle  sacral  arises  in 
common  with  the  fourth  lumbar  arteries.  The  point  of  origin  of  this 
common  trunk  averaged  about  10  mm.  from  the  bifurcation  of  the 
aorta.  As  a  rule,  the  fourth  lumbar  arteries  are  the  vessels  asso- 
ciated with  the  origin  of  the  sacra  media  ;  but  Mr  Lookhart  Lowe,  of 
Queen's  College,  Birmingham,  records  a  case  in  which  it  arose  in 
common  with  the  third  lumbar  branches.  No  mention  is  made  as 
to  whether  a  fourth  pair  was  present. 

In  fig.  D,  of  which  we  have  eighteen  examples,  it  may  be  noted 
that  the  origin  of  the  sacra  media  is  much  more  common  from  the 
right  fourth  lumbar  than  from  the  left.  Compare  fig.  G,  of  which 
there  are  only  2  cases,  with  fig.  D.  On  the  other  hand,  it  is  interest- 
ing to  note  that  the  middle  sacral  artery  arises  more  frequently  from 
the  left  common  iliac  (fig.  E)  than  from  the  right  common  iliac  artery 

(fig-  F). 

The  case  represented  in  fig.  H  is  recorded  by  Mr  E.  Knight,  of  the 
Owens  College,  Manchester;  and  Mr  H.  G.  Lawrence,  of  St  Mary's 
Hospital,  London,  gives  the  following  details  in  regard  to  fig.  I : — 
"  The  middle  sacral  arose  ^  an  inch  above  the  bifurcation,  divided 
into  two  about  1^  from  its  origin,  each  branch  coursing  laterally  on 
either  side  of  the  sacrum." 

Mr  D.  M.  Martin,  B.A.,  of  Cambridge,  records  a  case  where  three 
pairs  of  lumbar  arteries  arose  from  a  common  stem  on  the  right  side 
of  the  aorta,  4  cm.  above  its  bifurcation. 

Mr  Lockhart  Lowe,  of  Queen's  College,  Birmingham,  describes  a 
condition  in  which  the  sacra  media,  aiising  as  shown  in  fig.  C,  was 
displaced  along  with  the  left  lumbar  artery  to  the  right  side,  so  that 
before  it  could  reach  its  normal  position  it  had  to  pass  obliquely 
behind  the  right  common  iliac  artery. 

Dr  Crerar,  of  the  University  of  Edinburgh,  in  discussing  the  condi- 
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Table  I. — Variation  in  the  Mode  and  Place  of  Origin 
of  ths  Middle  Sacral  Artery.  Total  nv/mher  of  Casta 
examiiied  400. 
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tion  figured  at  C,  writes  as  follows : — ''  In  only  one  subject  could  it 
be  said  that  the  middle  sacral  artery  arose  bj  a  common  trunk  with 
the  lowest  pair  of  lumbar  arteries :  in  the  majority  of  cases  the  lowest 
pair  of  lumbar  arteries  took  origin  from  the  middle  sacral  artery/' 
Dr  Crerar,  however,  furnishes  no  details  as  to  the  number  of  pairs  of 
lumbar  arteries  in  each  subject. 

Dr  John  Campbell,  of  the  Queen's  College,  Belftust,  in  discussing 
the  relation  of  the  point  of  origin  of  the  sacra  media  to  the  vertebral 
oolumn,  furnishes  the  following  details  of  21  cases  examined : — 

3  arose  from  the  aorta  opposite  the  disc  between  IIL  and  IV.  l.v. 

6  opposite  the  upper  border  of  the  IV.  l.v. 

6  „  middle  of  the  IV.  l.v. 

3  „  lower  border  of  the  IV.  L.V. 

1  „  disc  between  IV.  and  V.  l.v. 

2  „  upper  border  of  V,  L.V. 

Dr  Campbell  furnishes  notes  that  in  5  cases  in  which  the  sacra  media 
gave  off  the  5th  pair  of  lumbar  arteries,  the  lumbar  arteries  of  the 
fourth  vertebra  had  an  origin  by  a  common  trunk. 

Mr  F.  G.  Parsons,  of  St  Thomas'  Hospital,  in  one  instance  was 
unable  to  find  the  slightest  trace  of  a  middle  sacral  artery. 


Explanation  of  Table  1. 
A.,  aorta. 

R.C.I.,  right  common  iliac. 
L.C.L,  left  common  iliac. 
M.S.,  middle  sacraL 
RL.  and  L.Lb,  right  and  left  fourth  lumbar  respectively. 

Some  of  the  observers  furnished  details  of  the  sex  of  the  subjects 
examined ;  but  as  the  information  on  this  point  is  somewhat  scant,  it 
has  not  been  thought  necessary  to  embody  it  in  the  present  report, 
nor  do  the  details  furnished  appear  to  have  influence  on  the  final 
results. 

Question  IL 

Frequency  of  the  psoas  parvus^  and,  if  possible,  to  note  the 
nerve-supply. 

The  following  gentlemen  have  contributed  reports  on  this  ques- 
tion:— 

►  Messrs  F.  G.  Parsons,  St  Thomas'  Hospital,  London ;  H.  Q.  Law- 
rence, St  Mary's  Hospital,  London;  A.  F.  Dixon,  Trinity  College, 
Dublin ;  H.  L.  Sutherland,  University  of  Aberdeen ;  F.  K.  Wilson, 
Westminster  Hospital,  London  ;  Edward  Fawcett,  Yorkshire  College, 
Leeds;  John  Campbell,  Queen's  College,  Belfast;  J.  W.  Crerar, 
University  of  Edinburgh;  W.  P.  Herringham,  St  Bartholomew's 
Hospital,  London :  C.  G.  B.  Kemps,  University  of  Durham  Medical 
School,  Newcastle-on-Tyne ;  G.J.  Branson,  Queen's  College,  Birming- 
ham ;  H.  C.  Phillips,  University  of  Cambridge ;  George  Lamb,  Uni- 
versity of  Glasgow;  D.  Drew,  University  College,  London;  M.  T. 
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Dempsey,  Medical  School,  Catholic  XJnivereity,  Dublin ;  E.  Krkif^t, 
The  Owens  College,  Manchester;  and  A.  Thomson,  University  of 
Oxford. 

The  general  result  is  tabulated  below,  and  requires  no  farfcher 
explanation. 

Table  II. — Frequency  of  occurrence  of  the  Psoas  parvus. 


Total  Number  of 

subjects 

examined. 

Muscle  absent. 

Muscle  present. 

457 

Percentage. 
100 

270 
59  per  cent. 

187                                   I 

Both  sides. 

1S9. 

or 

30  per  cent. 

Right  side. 

27. 

or 
6  per  cent 

Left  side. 
21, 

5  per  cent.    . 

41  per  cent. 

Particulars  were  furnished  regarding  the  sex  in  174  instances.  Of 
these,  105  were  males  and  69  females.  The  muscle  appears  to  be 
more  frequently  absent  in  the  female  than  in  the  male. 

The  percentages  are  as  follows  : — 


Male. 
Muscle  absent     54 
present   46 


Female. 


» 


65 
35 


Both  sides  35 
Right  „  6 
Left      „        5 


>» 


46 


Total,        1 00 


100 


Both  sides  22 
Right  „  4 
Left     „        9 


*> 


35 


The  returns  from  the  Irish  and  Scotch  schools  and  the  London 
hospitals  were  treated  separately,  with  the  result  that  the  presence  of 
the  muscle  was  noted  in  34  per  cent  of  the  Irish  returns,  in  37  per 
cent  of  the  Scottish,  and  in  50  per  cent,  of  the  London  subjects. 
It  must,  however,  be  borne  in  mind  that  any  conclusions  based  on 
these  facts  are  open  to  grave  doubt,  as  the  class  from  which  subjects 
are  obtained  is  very  mixed  both  in  Scotland  and  in  England.  The 
higher  percentage  in  the  London  returns  was  noted,  however,  and  it 
was  thought  that  the  fact  was  worth  recording. 

Mr  C.  G.  Kemps  describes  one  example  of  the  muscle  which  he 
saw  as  "  inserted  into  a  fibrous  band  which  extended  from  the  IV. 
lumbar  vertebra  to  the  ilio-pectineal  line." 

In  regard  to  the  nerve-supply  of  the  psoas  parvus  muscle, 
there  are  108  records  of  its  being  carefully  examined  and 
traced.     The  subjoined  list  is  an  analysis  of  the  returns : — 
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Nerv&^upplf  of  the  Pioas  panmi. 

From  the  XIL  dorsal  nerve, 2 

„       loop  between  XIL  dorsal  and  L  lumbar,  2 

„       I.  lumbar  nerve, 36 

„       loop  between  I.  and  II.  lumbar  nerves,  28 

„       genito-crural  nerve 7 

„       II.  lumbar  nerve 27 

„       loop  between  the  IL  and  III.  lumbars,  6 


108     „ 
In  one  or  two  cases  more  than  one  twig  passed  to  the  muscle ; 
these  were  derived  from  the  L  and  II.  lumbar  nerves  respectively. 

The  nerve-supply  of  the  muscle  frequently  varied  on  different  sides 
of  the  same  subject.  Mr  G.  J.  Branson,  B.A.,  of  Queen's  College, 
Birmingham,  noted  the  presence  of  a  well-marked  sympathetic 
branch  joining  the  twig  which  went  to  the  muscle  from  the  I. 
lumbar  nerve. 

Question  III. 
Variation  in  the  arrangement  of  the  branches  arising  from 
the  arch  of  the  aorta 

In  reply  to  this  question,  the  Secretary  has  received  reports  ftx>m 
the  following  gentlemen : — 

Messrs  Montague  Griffin,  Trinity  College,  Dublin ;  L.  S.  Giles, 
University  of  Cambridge ;  J.  Yule  Mackay,  University  of  Glasgow ; 
Percy  Fleming,  University  College,  London ;  Wm.  Dargan,  Medical 
School,  Catholic  University,  Dublin ;  T.  T.  JeaBs,  The  Owens  College, 
Manchester;  John  Campbell,  Queen's  College,  Belfast;  Edward 
Fawcett,  Yorkshire  College,  Leeds;  F.  K.  Wilson,  Westminster 
Hospital  Medical  School,  London ;  F.  G.  Parsons,  St  Thomas'  Hospital 
Medical  School,  London;  W.  P.  Herringham,  St  Bartholomew's 
Hospital  Medical  School,  London;  C.  K.  Bryant,  University  of 
Durham  Medical  School,  Newcastle-on-Tyne ;  Lockhart  Lowe,  Queen's 
College,  Birmingham ;  G.  H.  Clarkson,  St  George's  Hospital  Medical 
School,  London ;  W.  T.  Thomas,  University  College,  Liverpool ; 
J.  W.  Crerar,  University  of  Edinburgh ;  H.  L.  Sutherland^  University 
of  Aberdeen ;  A.  Thomson,  University  of  Oxford. 

The  arrangement  of  the  branches  of  the  arch  of  the  aorta  was 
noted  in  500  cases,  and,  as  a  result  of  the  inspection  of  the  returns^ 
the  varieties  have  been  grouped  in  8  classes  figured  A,  B,  G,  D,  E, 
F,  G,  and  H  respectively  in  the  accompanying  diagram.  The  con- 
dition described  as  normal  occurs  in  82  per  cent,  of  the  cases  examined, 
though  here  considerable  variation  is  noted  in  the  distance  between 
the  origins  of  the  arterial  trunks  as  they  spring  from  the  parent 
stem. 

In  Class  B  the  length  of  the  trunk  common  to  the  right  subclavian, 
right  common  carotid,  and  left  common  carotid  varied  in  length  from 
zero  to  1^  inches.  The  average  length,  however,  did  not  exceed  ^  an 
inch. 

In  Class  C  the  left  vertebral  artery  was  seen  entering  the  vertebr- 
arterial  foramen  in  the  IV.  cervical  vertebra  in  two  cases — the  V. 
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in  4,  and  the  YL  in  1 :  the  fact  was  noted  that  in  several  instances 
it  was  joined  by  an  accessory  branch  from  the  left  subclavian. 

No  remarks  are  necessary  in  regard  to  Classes  D,  £,  and  F :  the 
diagrams  sufficiently  explain  themselves. 

The  examples  represented  in  figures  G  and  H  were  exhibited  at  a 
meeting  of  the  Anatomical  Society  by  Mr  F.  C.  Abbott,  of  St  Thomas' 
Hospital,  and  a  detailed  description  of  them  will  be  found  in  the 
Proceedings  of  Anat.  Soc.  of  Great  Britain  and  Ireland  for  Feb.  1892. 

Appended  are  some  notes  by  the  individual  observers : — 

Mr  Montague  Griffin,  M.B.,  of  Trinity  College,  Dublin,  notes  two 
cases  in  which  the  brachio-cephalic  trunk  arose  from  the  ascending 
part  of  the  arch  and  passed  vertically  upwards  parallel  to  and  to  the 
right  side  of  the  trachea,  whilst  the  left  common  carotid  arose  from 
the  most  anterior  part  of  the  transverse  arch  and  passed  obliquely 
upward  and  to  the  left,  crossing  the  trachea  in  the  middle  line.  In 
the  first  subject  this  point  was  1^  inches,  in  the  second  1^  inches 
above  the  level  of  the  arch. 

Mr  L.  S.  Giles,  B.A.,  University  of  Cambridge,  notes  the  occurrence 
of  a  large  vas  vasorum  to  the  pulmonary  artery  in  one  instance. 

Dr  Herringham,  of  St  Bartholomew's  Hospital,  records  a  case 
where  the  left  vertebral  arose  from  the  left  common  carotid  f  of  an 
inch  above  its  origin. 

Mr  C.  H.  Bryant,  of  the  Medical  School,  Newcastle-on-Tyne,  men- 
tions an  instance,  in  a  female  subject,  of  a  left  bronchial  artery  spring- 
ing from  the  posterior  part  of  the  arch,  close  to  the  ductus  arteriosus ; 
in  three  other  subjects,  bronchial  and  mediastinal  branches  were  seen 
arising  from  the  descending  part  of  the  arch;  and  four  cases  are 
recorded  of  the  origin  of  the  thyroidea  ima  from  the  innominate  artery. 

Mr  G.  A.  Clarkson,  of  St  George's  Hospital,  London,  in  his 
account  of  a  case  of  root-origin  of  the  right  subclavian  classed  in 
Group  D,  gives  the  following  details  : — 

**  The  artery  (right  subclavian)  arose  from  the  posterior  aspect  of 
the  descending  part  of  the  aortic  arch  ^  an  inch  below  the  origin  of 
the  left  subclavian  ....  its  length  from  origin  to  the  first  branch 

(vertebral)  was  3  inches the  ductus  arteriosus  was  pervioufl^ 

and  the  inferior  laryngeal  nerve  was  not  recurrent.'' 

Mr  W.  Thelwall  Thomas,  F.R.C.S.,  of  University  College,  Liver- 
pool, describes  a  large  mediastinal  branch  which  arose  from  the  front 
of  the  arch  between  the  innominate  and  left  common  carotid  arteries, 
and  coursed  downwards  in  the  fat  of  the  mediastinum  for  4^  inches. 

Dr  Crerar,  of  the  University  of  Edinburgh,  also  mentions  a  case  in 
which  a  bronchial  artery  arose  from  the  back  of  the  arch,  just  belor 
the.  origin  of  the  left  subclavian. 

The  figures  in  Table  IIL  are  lettered  as  follows : — 
E.S.,  Right  subclavian. 
E.C.C.,  Right  common  carotid. 
L.C.C.,  Left  common  carotid. 
L.S.,  Left  subclavian. 
L.V.,  Left  vertebral. 
R.V.,  Right  vertebral. 
T.L,  Thyroidea  ima. 
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In  each  figure  the  number  of  such  cases  met  with  is  recorded,  and 
the  percentage  of  occurrence  given. 

Question  IV. 

Frequency  and  arrangement  of  communication  between  the 
median  (or  anterior  interosseous)  and  ulnar  nerves  in  the 
forearm. 

The  answers  to  this  question  were  not  so  numerous  as  to  the  others. 
The  difficulties  of  observation  were  no  doubt  greater,  but  notwith- 
standing reports  have  been  received  which  yield  a  total  of  406 
forearms  examined. 

The  gentlemen  to  whose  assistance  we  are  indebted  are — 

Messrs  Bichard  Smith,  Trinity  College,  Dublin  j  T.  T.  Jeans,  The 
Owens  College,  Manchester ;  A.  K.  Qordon,  University  of  Cambridge  ; 
P.  J.  Fagan,  Medical  School,  Catholic  University,  Dublin;  John 
Campbell,  Queen's  College,  Belfast;  J.  W.  Crerar,  University  of 
Edinburgh;  W.  T.  M.  Whitling,  University  of  Durham  Medical 
School,  Newcastle-on-Tyne ;  H.  L.  Sutherland,  University  of  Aber- 
deen ;  and  A.  Thomson,  University  of  Oxford. 

Out  of  406  forearms  examined  a  communicating  branch  was  noted 
in  63  instances,  or  about  15  per  cent. 

The  results  are  classified  into  four  varieties. 

Class  I.,  of  which  33  examples  were  noted  out  of  the  406  cases 
examined,  yielding  a  percentage  of  occurrence  of  8  cases  per  hundred, 
was  as  follows : — The  branch  of  communication  which  arose  from  the 
anterior  interosseous  at  a  point  varying  from  the  commencement  of 
that  nerve  to  a  spot  2^  inches  down  its  trunk,  coursed  downwards 
with  a  varying  degree  of  obliquity  and  lay  behind  the  ulnar  artery, 
resting  on  the  flexor  profundus  digitorum  and  being  crossed  super- 
ficially by  the  muscles  springing  from  the  internal  condyle,  with  the 
exception  of  the  flexor  carpi  ulnoris :  it  usually  joined  the  ulnar  ner?e 
at  a  point  corresponding  to  the  junction  of  the  upper  and  middle 
thirds  of  the  forearm. 

Class  II.,  of  which,  out  of  the  total  of  406  cases  examined,  there 
were  12  instances  recorded,  or  an  average  of  about  3  per  cent., 
differed  from  Class  I.  only  in  the  fact  that  the  communicating  branch 
arose  directly  from  the  median  in  place  of  the  anterior  interosseous^ 
otherwise  its  course  and  relations  were  the  same,  ^except  in  one 
instance  recorded  by  Mr  A.  K.  Gordon,  B.A.,  of  Cambridge  Uni- 
versity, in  which  case  the  ulnar  artery  lay  behind  the  nerve  in  place 
of  in  front,  as  described  in  Class  I. 

Class  III.  includes  16  coses  out  of  the  total  of  406,  or  rather  under 
4  per  cent.,  in  which  the  communicating  branch  was  formed  by  a 
junction  between  the  filaments  of  nerve  supplying  the  flexor  pro- 
fundus digitorum :  in  this  way  a  loop  was  formed  which  underlay  the 
ulnar  artery,  the  convexity  of  which  was  directed  downwards. 

Appended  is  Mr  P.  J.  Fagan's  description  of  this  condition  as 
observed  in  the  cases  reported  by  him.     Mr  Fagan  writes : — 

^*ln  seeking  for  communications  between  the  ulnar  and  median 
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nerves,  I  observed  the  following  method  as  far  as  possible.    Before 
the  forearm  had  been  dissected,  I  cut  the  anterior  head  of  the  flexor 
carpi  ulnaris,  and  traced  the  branches  of  the  ulnar  nenre  lying  on  the 
flexor  profundus  digitorum.    I  then  traced  the  ofisets  of  the  median  to 
the  ulnar  artery ;  and  at  a  later  stage  in  the  dissection,  noted  the 
lower  part  of  the  ulnar.     In  all,  I  collected  17  examples.     In  four 
instances  I  failed   to  find  any  communication;  in  the   remaining 
thirteen,  communications  were  established.  There  were  few  variations, 
the  usual  arrangement  being,  a  twig  from  the  ulnar  lying  on  the 
flexor  profundus  digitorum  ran  to  the  posterior  aspect  of  Uie  ulnar 
artery,  and,  at  that  place,  anastomosed  with  a  twig  from  the  median. 
When  traced  with  a  little  care  the  plan  of  the  nerves  proved  to  be 
this : — As  soon  as  the  ulnar  had  passed  between  the  heads  of  the 
flexor  carpi  ulnaris  it  gave  off  a  slender  branch,  which  ran  down- 
wards and  outwards  on  the  flexor  profundus  digitorum  muscle,  to 
which  it  furnished  a  small  twig,  and  then  beneath  the  ulnar  artery^ 
where  it  joined  the  branch  from  the  median.     The  branch  from  the 
median,  in  some  cases,  emerged  from  the  substance  of  the  flexor 
subtimis  digitorum ;  in  others,  it  came  under  that  muscle.     It  usually 
divided  into  two  twigs :  one  entered  the  flexor  profundus  digitorum^ 
the  other  joined  the  ulnar  twig,  forming  an  arch  with  its  convexity 
downwards.     From  this  arch  a  varying  number  of  twigs  arose.     In 
two  cases  the  number  was  three :  two  shoi't,  entering  the  muscle 
almost  immediately ;  one  long,  arising  by  two  heads,  and  extending 
as  low  down  as  midway  between  the  elbow  and  wrist,  where  it  sup- 
plied the  part  of  the  muscle  for  the  middle  and  ring  fingers.     In  one 
case  where  the  usual  communication  did  not  obtain,  I  found  a  very 
large  branch  low  down  coming  from  the  ulnar  to  the  median. 

^  On  the  whole,  I  am  inclined  to  think  that  the  variations  in  the 
twigs  depended  rather  on  the  condition  in  which  I  found  the  part 
than  on  the  actual  state  of  affairs,  and  that  the  usual  arrangement 
is  for  the  ulnar  alone  to  supply  that  part  of  the  flexor  profundua 
destined  for  the  little  finger;  the  median,  the  part  for  the  index 
finger ;  and  the  arch  formed  by  the  ulnar  and  median,  the  remaining 
two  fingers." 

Class  IV.  includes  only  2  examples  out  of  a  total  of  406.  These 
cases  which  came  under  the  notice  of  Mr  T.  T.  Jeans,  of  the  Owena 
College.  Manchester,  are  thus  described  by  him : — *'  The  communica- 
tion was  by  a  superficial  branch  which  left  the  median  at  the  bend  of 
the  elbow,  passed  across  the  muscles  rising  from  the  internal  condyle 
(except  the  flexor  carpi  ulnaris),  and  joined  the  ulnar  nerve  in  the 
lower  third  of  the  forearm. 

The  results  may  be  summarised  as  follows  : — 

Total  number  of  cases  examined,  406. 

aass  I. 

Communication  between  anterior  interosseous 

and  ulnar  .  .  .        33,  or  8  per  cent. 

Class  II. 

Communication  between  median  and  ulnar 

trunks       .  .  .         12,  or  3        „ 
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Claaa  III. 

Ck)mmunication  between  muscular  twigs  to 

flexor  profundus    .  16,  or  4  per  cent. 

Class  IV. 

Communication  by  means  of  a  superficial 

branch  .  •  2*     »9  91 


Total,  .  .  .63,  or  15  per  oent^ 

Some  extracts  from  the  reports  are  added. 

Mr  T.  T,  Jeans,  of  The  Owens  College,  reports  that  he  only  saw  tiie 
communication  between  the  anterior  interosseous  and  ulnar  nerves  in 
both  arms  of  the  same  subject  in  one  instance,  a  femala 

Dr  John  Campbell,  of  the  Queen's  College,  Belfast,  mentions  a 
case  in  which  the  slender  communication  joined  the  ulnar  palmar 
cutaneous  branch,  and  describes,  in  three  of  the  instances  recorded, 
how  the  communicating  twig  from  the  median  trunk  arose  in  con- 
nection with  its  muscular  offsets,  pierced  the  flexor  sublimis  digi- 
torum,  and  joined  the  ulnar  nerve  in  his  upper  third  of  the  foramen. 

In  5  of  the  subjects  examined  by  Dr  Crerar,  of  Edinburgh  Uni- 
versity, the  communication  was  present  on  both  sides.  In  one  case 
the  commimication  took  place  in  the  fibres  of  the  flexor  sublimis 
digitorum.  The  communicating  branch  varied  in  size  from  the 
thickness  of  thread  to  that  of  small  whipcord,  and  in  length  from  3 
to  9  cm.  In  one  of  the  subjects  examined  a  twig  was  given  off  from 
the  branches  of  the  ulnar  nerve  to  the  flexor  profundus,  which,  passing 
behind  the  ulnar  artery,  did  not  communicate  with  the  anterior 
interosseous  nerve,  but  recurved  over  the  artery,  to  be  distributed  to 
the  flexor  sublimis  digitorum  near  the  internal  condyle  of  the 
humerus.  From  this  twig  a  small  condylar  muscular  branch  of  the 
flexor  profundus  received  a  branch  of  supply  in  addition  to  a  larger 
one  which  it  received  from  the  anterior  interosseous  nerve. 

Dr  Crerar  concludes  by  stating  that  Professor  Sir  W.  Turner  baa 
recorded  a  case  of  supply  of  the  flexor  sublimis  digitorum  by  two 
twigs  from  the  ulnar  nerve  (Nat.  Hist  Bev.,  1864). 

In  conclusion,  the  Committee  desire  to  place  on  record  their 
sincere  thanks  to  those  gentlemen  who  have  so  kindly  assisted 
them  in  the  publication  of  the  present  report. 

The  Secretary  will  at  all  times  be  pleased  to  receive  sugges- 
tions with  regard  to  subjects  for  future  inquiry.  Communica- 
tions may  be  addressed  to  him  at  the  Department  of  Human 
Anatomy,  Museum,  Oxford 


ON  THE  GASTRIC  DIGESTION  OF  PROTEIDS.  By 
A.  LocKHART  Gillespie,  M.D.,  F.RCP.E.,  Medical 
Beffistrar,  Edinburgh  Boyal  Infirmary, 

Tss  followiDg  paper  has  been  partly  extracted  from  a  thesis 
presented  to  the  University  of  Edinburgh  for  the  degree  of 
IfJ).  in  August  1892,  and  for  which  a  gold  medal  was  awarded 
to  the  author.  A  summary  of  the  results  was  read  before  the 
Siological  Section  of  the  British  Association  for  the  Advance- 
ment of  Science  (Edinburgh  meeting)  in  the  same  month,  of 
which  very  condensed  abstracts  were  printed  in  the  Proceedings 
of  the  Association  and  in  the  Medical  Press  and  Ci/rctiUur, 
The  experiments  on  which  the  observations  rest  were  performed 
in  the  Laboratory  of  the  Royal  College  of  Physicians,  Edin- 
burgh, and  to  the  Laboratory  Committee  of  the  College  my 
best  thanks  are  due  for  the  liberality  displayed  to  me,  and 
particularly  to  the  Superintendent,  Dr  Noel  Paton,  for  his  ready 
help  when  I  happened  to  be  in  difficulties. 

My  object  throughout  has  been  to  endeavour  to  elucidate 
some  of  the  problems  presented  by  tho  gastric  digestion  of 
proteida  A  great  part,  therefore,  of  my  work  has  been  directed 
towards  the  relations  between  hydrochloric  acid  and  proteid 
8ubstance& 

That  some  kind  of  combination  could  exist  between  this 
acid  and  proteids  has  been  known  for  some  time.  Danilewsky,^ 
Richet,'  Leo,'  and  Ewald  ^  have  demonstrated  its  existence,  and 
more  lately  Hayem  ^  and  Winter  have  placed  the  subject  on  a 
more  satisfactory  footing. 

I  have  elsewhere^  called  the  combinations  between  HCl  and 
proteids  Proteid-hydrochlorides,  and  this  term  I  shall  continue 
to  use  throughout  this  paper. 

1  CerUralhlaU/Ur  med,  fTisaenacha/t,  1888. 

'  Sar  le  sue  gastriqne  chez  Thomme  et  les  animatix,  1878. 

*  CenhralblaUfar  med,  Wimnschofi,  1889, 

*  Vvrchow  Archiv,  xc,  ci.,  civ. 

'  Da  cbimisme  Stomiicale,  1891. 

*  Medical  Pre$8  and  Oircular,  Angnst  1892. 
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Methods. 


I  must  in  the  first  place  briefly  note  the  methods  I  employed  in 
my  experiments.     The  total  acidity  of  any  solution  was  estimated 
in  the  ordinary  way  by  means  of  a  decinormal  solution  of  NaO£[  ; 
and  an  alcoholic  solution  of  phenolpbthalein.     The  results  were  aU 
calculated   out  in  terms  of  HCL     The  amount  of  the  combined 
acidity  in  a  specimen  was  arrived  at  by  estimating  its  acidity  befcn^ 
and   after  evaporation  at   100"   Cent.     If  an  aqueous  solution  of 
HOI  be  evaporated  in  an  evaporating  dish  for  a  sufficient  time  none 
remains,  but  if  albumen  be  added  to  it  beforehand,  no  matter  ho^w 
long  the  heat  be  applied,  some  hydrochloric  acid  remains  behind. 
Hayem  and  Winter's  method  of  applying  this  fact  to  the  determinar- 
tion  of  the  different  forms  of  acidity  is  more  accurate  than  mine, 
but  much  more  elaborate.     They  worked  with  chlorine  alone,  they 
estimated  the  total  chlorine  by  means  of  chromate  of  potash  and 
silver  nitrate,  after  adding  to  the  solution  to  be  tested  carbonate  of 
soda,  to  transform  all  the  chlorine  into  NaCl,  and  by  fusing  this, 
to  bum  off  the  proteids.     The  chlorine  combined  with   proteids 
was  calculated  by  a  similar  procedure  after  the  solution  had  been 
dried    at   100*"   for   some   hours,   the    chlorine    originally  fixed   to 
bases,  &c.,  having  been  calculated  beforehand,  by  simple  incinera- 
tion  of  another  quantity  of  the  fluid,  and  then  subtracted.     The 
chlorine   combined  with   proteids  and  the  fixed  chlorine  together 
when  subtracted  from  the  total  chlorine,  gave  the  free  chlorine  or 
HCL     In  the  following  pages,  when  the  chlorine  was  estimated,  this 
process  was  made  use  of.     It  is,  however,  long,  troublesome,  and  iu 
the  many  incinerations  a  small  quantity  of  chlorine  is  undoubtedly- 
lost.     If  carefully  done  it  is  suitable  for  laboratory  work ;  for  practice 
it  is  too  cumbersome.     Simple  estimation  of  the  acidity  before  and 
after  evaporation  for  some  hours  at  100**  or  110**  is,  to  my  mind, 
sufficient  for  most  practical  purposes. 

The  different  proteids  were  separated  from  each  other  in  the  usual 
way.  The  albumoses  from  peptone  by  saturation  with  ammonium 
sulphate  when  warm,  after  the  addition  of  a  small  quantity  of  acetic 
acid.  The  different  albumoses  from  one  another  by  saturation  with 
NaCl  and  dialysis.  Albumen  was  procured  almost  pure  from  white 
of  egg,  the  globulin  being  first  precipitated  by  copious  dilution  with 
distilled  water,  the  salts  in  some  cases  dialysed  off,  and  the  solution 
dried  at  40°  Cent,  in  large  open  dishes.  The  fibrous  tissue  had  been 
previously  got  rid  of  by  shaking  up  the  white  of  egg  with  broken 
glass  and  filtering. 

Other  matters  regarding  methods  used  are  explained  in  the  text 

The  Fwnctions  of  the  Stomdch, 

Czemy's  dog  lived  for  several  years  without  a  stomach,  and 
to  all  appearance  suffered  little  inconvenience.  Personally,  I 
should  not  like   to  do  without  this  organ,  but  I  have  little 
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doubt  that  if  I  fed  as  moderately  and  as  simply  as  a  laboratory 
do|^,  I  would  suffer  little  from  the  want.    As  it  was  proved, 
therefore,  that  the  stomach  was  not  indispensable  to  the  organ- 
ism as  an  agent  for  digesting  food,  an  idea  which  was  long  and 
widely  entertained,  some  other  theory  had   to  be  framed  to 
account  for  its  rdle  in  the  animal  economy.    It  was  allotted 
purely  an  antiseptic  function — it  was  styled  the  Cerberus  of  the 
digestive  tract :  past  it,  in  health,  only  the  most  resistive  and 
least  poisonous  organisms  could  pass.    Against  this  view,  how- 
ever,  is  the  fact  that  Nature  or  Evolution  has  given  the  stomach 
a  reagent  which  is  largely  aDtagonised  in  its  antiseptic  action  by 
that  very  kind  of  food  which  it  is  mainly  capable  of  digesting ; 
In  other  words,  proteids  act  as  Cerberus's  sop.    Another  function 
which  maybe  attributed  to  the  stomach  is  the  bringing  of  foods 
to  a  proper  consistency  before  ejecting  them  into  the  duodenum, 
excess  of  fluid  is  absorbed,  deficiency  made  good.     Witness  the 
state  of  the  gastric  contents  after  a  meal  of  pure  porridge,  with 
no  fluid  added, — in  a  short  time  the  contents  are  much  diluted ; 
while,  on  the  other  hand,  if  a  large  quantity  of  fluid  be  taken 
as  well,  the  consistence  of  the  food  at  the  end  of  a  similar  time 
is  almost  identical. 

The  stomach  is  useful  also  in  mixing  and  subdividing  the 
food,  and  thus,  in  allowing  no  large  and  irritating  masses  to 
enter  the  duodenum,  it  allows  animals  to  take  a  large  meal 
without  discomfort ;  for  without  such  a  receptacle,  men  and 
animals  would  always  have  to  be  eating,  leaving  no  time  for 
other  pursuits.  Lastly,  the  amylolytic  action  of  the  saliva  is 
checked.  The  attempted  allocation  of  one  suprenne  function  to 
the  stomach  is,  I  believe,  foredoomed  to  failure.  It  can  do 
many  things  well,  or  perhaps  I  might  say,  fairly  well,  a  wise 
instance  surely  of  the  law  of  conservation  of  energy  so  often 
manifested  elsewhere  in  nature. 

The  Ajffinity  of  Proteids  for  BydrocJdoric  Acid. 

If  some  albumen — it  matters  not  whether  serum  or  egg 
albumen — be  dissolved  in  water,  the  solution  placed  inside  a 
parchment  tube,  and  the  tube  immersed  in  a  solution  of  hydro- 
chloric acid  in  water,  in  time,  after  a  few  hours,  the  fluid  inside 
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"will  be  found  to  be  more  acid  than  that  outside.  That  this  is 
not  due  simply  to  the  higher  specific  gravity  of  the  fluid  inside, 
is  shown  by  the  facfc  that  if  a  solution  of  sugar  or  other  carbo- 
hydrate be  substituted  for  that  of  the  proteid,  the  acidities  in 
and  out  become  equal.  Any  other  proteid  has  the  same  effect 
as  albumen.    HCl,  then,  has  an  affinity  for  proteida 

Now,  if  the  tube  containing  the  albumen  and  acid  be  removed 
from  the  acid  solution  and  placed  in  a  beaker  containing  water, 
much  of  the  acid  dialyses  out  again,  and  in  time,  if  the  water 
be  changed  often  enough,  all  may  be  removed.  The  affinity  of 
the  acid  for  proteids  is  weak,  and  may  be  overcome  by  the 
action  of  dialysis  into  pure  water.  This  is  shown  by  the  follow- 
ing  experiment. 

Sxpentntnt  I, 

A  neutral  solution  of  proteids  of  unknown  strength  was  plaeed 
inside  the  tube  of  a  dialyser,  the  tube  immersed  in  a  '612  per  cent, 
solution  of  HCl ;  in  two  and  a  half  hours  the  acidity  inside  was 
*432  per  cent  and  in  twenty-four  hours  *684  per  cent  Distilled 
water  was  then  substituted  for  the  hydrochloric  acid  outside ;  in  two 
and  a  half  hours  the  acidity  of  the  proteid  solution  was  *468  per  cent, 
and  in  twenty-four  hours  '09  per  cent.  That  is  to  say,  that  most  of 
the  acid  had  dialysed  out,  but  a  residue  remained.  This  residue 
gave  none  of  the  tests  for  free  HCl. 

On  subjecting  this  to  the  further  action  of  dialysis  into  distilled 
water  all  traces  of  acidity  disappeared  in  forty-eight  hours. 

Again,  if  the  acid  be  in  large  proportion  as  compared  with 
the  proteid,  and  the  contents  of  the  tube  are  analysed  after 
dialysis  of  the  acid  to  the  inside,  we  find  the  acid  to  be  in  two 
forms — acid  which  is  free  and  acid  which  is  organically  combined. 
On  estimation  of  the  free  acidity  also,  less  free  acid  is  found 
inside  than  there  had  been  outside  before  removal  of  the 
parchment  tube  with  its  contents,  but  the  sum  of  the  combined 
and  free  acidity  inside  always  exceeds  the  total  acidity  outside. 
That  is  to  say,  that  HCl  organically  combined,  even  if  it  be  in 
excess,  does  not  hinder  the  further  dialysis  of  free  HCl.  This 
point  is  of  importance  in  artificial  gastric  digestion  by  means  of 
a  dialyser,  and  also  in  natural  digestion.  It  is  clearly  shown  in 
the  following  dialyser  experiments. 

A  solution  containing  beef  bouillon,  gelatine,  and  egg  albumen 
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uraa  placed  inside  a  parchment  tube,  and  this  suspended  in  a  *036 
per  cent,  solution  of  HCl.  In  two  and  a  quarter  hours  the  solution 
inside,  which  had  been  almost  neutral,  had  an  acidity  of  '324 
per  cent.,  or  nearly  ten  times  that  out,  of  this  only  *027  per  cent, 
was  free. 

Es^oertTMnt  III. 

lu  this  the  fluid  inside  was  a  little  more  dilute ;  and  although  the 
*  solution  outside  was  as  high  as  '198  per  cent,  in  acidity,  the  acidity 
inside  never  rose  above  '288  per  cent.,  or  less  than  in  the  lost  experi- 
ment when  the  acidity  outside  was  only  '036  per  cent.  When  the 
acidity  in  this  experiment  was  at  its  height  only  '09  per  cent,  was 
free. 

Properties  of  a  Proteid-hydrochloride. 

If  a  certain  quantity  of  hydrochloric  acid,  say  5  grammes,  be 
added  to  100  grammes  of  egg  albumen,  and  the  resulting  mixture 
tested,  no  free  HCl  can  be  found.  That  is  to  say,  a  drop  of  the 
resulting  solution  strikes  no  scarlet  colour  with  Gtlnzberg's 
vanillin-phloroglucin,  with  Boas'  resorcin,  with  Mohr's  sulpho- 
cyanide  reagent.  On  testing  it  by  Sjoquist's  process,  or  by 
Leo's  or  Mintz',  no  free  HCl  is  shown.  And  again,  on  drying 
some  of  the  solution  on  a  water  bath  for  a  couple  of  hours  or  so, 
no  change  in  acidity  occui's  on  redissolving  the  dry  residue  in 
distilled  water  and  titrating  with  soda.  On  the  other  hand,  if 
a  simple  solution  of  HCl  in  water  be  evaporated  for  the  same 
length  of  time,  no  trace  of  acid  is  left. 

This  combination  of  hydrochloric  acid  with  albumen  is  there- 
fore not  destroyed  by  a  heat  of  100°  Cent.,  and  does  not  give  any 
reaction  when  treated  with  the  aniline  reagents  commonly  used 
for  the  identification  of  free  mineral  acids.  It  has,  however,  the 
same  or  almost  the  same  acid  value  as  the  original  HCl ;  or  to 
put  it  otherwise,  HCl  combined  to  probeids  neutralises  the  same 
quantity  of  decinormal  soda  solution  as  it  does  when  it  is  in  a 
free  state. 

JSoi^pertinent  IV. 

3  ccms.  of  a  solution  of  egg  albumen  ('3465  gnn.)  were  added  to 
15  ccms.  of  a  '2304  per  cent.  HCl  solution  (*0345'6  grm.). 

The  mixture  was  tested  with  Giinzberg's  reagent,  and  no  free  HCl 
found.  That  is,  9 '98  per  cent  of  acid  had  combined  with  the  albumen  ; 
the  acidity,  however,  was  '192  per  cent,  or  equal  to  that  before. 

1  ccm.  more  was  added  ('002304  grm.) ;  free  HCl  was  present 
with  10*6  per  cent  of  acid. 

VOL.  XXVn,  (N.S.  VOL.  VII.)  o 
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Experimemt  V.     Performed  in  the  same  manner. 

1.  2  ccms.  albumen  solution  —  *23  gramme  +  13  cca.  *18    per  cent  HCl 

2.  2  „  „  „  -  -23  „  +7  „  -842  „  HCL 
8.  2  „  „  „  -  -28  „  +  50  .,  -045  „  HCL 
4.  6    ,,            „  „        =  -576      „         +    9   „     -842        „        Ha 

The  results  were  : — 

1.  10*17  per  cent,  of  acid,  free  HOI  present 

2.  10-4 

8.     9-18  „  free  HCl  absent 

4.     6'34  „  „  ,, 

Acidity  of  Nos.  3  and  4  were  *044  per  cent,  and  '219  per  cent 
respectively. 

It  is  more  difficult  to  arrive  at  the  exact  amounts  of  each 
when  both  free  and  combined  hydrochloric  acid  are  present  in 
the  same  solution.  Drying  a  few  cubic  centimetres  at  lOO'' 
Cent,  drives  oflF  the  free  HCl ;  but  the  charring  of  the  proteid, 
and  the  resolution  of  some  of  it  into  simpler  forms,  one  of  which 
has  a  violet  colour  (Liebermann's  reaction  for  free  HCl),  tend  to 
vitiate  the  results.  Adding,  drop  by  drop,  a  decinormal  solution 
of  sodium  hydrate  until  the  fluid  tested  ceases  to  give  any 
reaction  with  vanillin-phloroglucin  is  also  fallacious,  as  some  of 
the  combined  acidity  is  affected  as  well  as,  and  at  the  same  time 
as,  the  free.  Neutralisation  of  the  free  HCl  with  carbonate  of 
barium,  which  is  said  not  to  affect  the  combined  acid,  gives 
better  results,  but  the  process  is  tedious.  On  the  whole,  I 
prefer  drying  the  fluid  at  lOO""  and  then  titrating  again :  the 
difference  between  the  total  acidity  and  the  acidity  left  after 
drying  gives  the  free  HCl.  and  the  fallacy  present  is  constant 
and  very  small,  the  free  acidity  in  fact  being  always  slightly  too 
great,  the  combined  slightly  too  small. 

Although  this  combined  acid  is  equal  quantitatively  to  the 
original  free  HCl,  it  has  not  retained  any  of  the  other  properties 
of  the  free  acid  in  the  same  proportions.  For,  as  I  have  said 
above,  it  does  not  give  any  of  the  common  reactions  for  the  free 
acids,  but  on  investigating  its  action  further  I  find  that  its 
antiseptic  property  is  very  slight,  I  have  grown  the  Staphy- 
lococciia  pyogenes  aureus  in  a  '68  per  cent,  solution  of  combined 
HCl,^  while  the  amyloly tic  action  of  saliva  goes  on  in  a  solution 
of  combined  acidity  double  the  strength  of  that  necessary,  if  the 
acids  were  free,  to  destroy  the  ferment. 

^  Journal  of  Pathology ,  1892. 
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This  last  fact  is  of  interest  with  regard  to  the  previous  work  which 
has  been  done  on  the  subject.  For  instance,  Chittenden  and  Ely  ^ 
found  that  '05  per  cent.  HCl  if  added  to  saliva  rather  increased  its 
action  on  starch.  Astachewskj^  affirms  the  same.  Langley  '  worked 
at  the  subject  and  found  the  following  facts : — 

Ptyalin  is  destroyed  by  solution  of  HCl  above  "005  per  cent 
„  „  NaCOj  above  *6      ,, 

— while  the  same  author,  when  working  with  £ves,^  found  that  *0015 
per  cent.  HCl  distinctly  diminishes  the  action :  he  got  best  results 
from  saliva  which  was  absolutely  neutral. 


Ejcperiment  VI, 

Some  starch  paste  was  made  of  a  strength  of  1*5  per  cent.  I 
collected  15  corns,  of  my  own  saliva  and  filtered  it.  The  alkalinity 
>ias  not  tested.  A  solution  of  proteid  hydrochlorides  was  also  made 
by  addition  of  proteid  material,  albumen,  and  albumoses  to  a 
solution  of  HCl  until  no  free  HCl  remained.  The  acidity  of  this 
solution  was  *504  per  cent. 

The  details  are  as  follows : — In  seven  flasks  were  placed — 


'2  CCS.  HCl  '504  per  cent  combined. 


5  cc.  of  starch  and  1  cc.  of  saliva  +  - 


12 


}) 


i» 


I* 
I* 
II 


HCl  -262 
HCl  -144 
HCl  -072 
HCl  -126 
HCl  068 
water. 


II 
II 
II 
tt 
II 


II 


free. 


II 


combined. 


If 


That  is  to  say,  that  there  was  in  the  flasks — 

1.  '01008  gr.  HCl  or  *126     per  cent  all  combined. 

2.  -00584  ..   HCl  „   -063 

mostly  free. 


3.  -00288 

4.  -00144 

5.  -00252 

6.  -00126 

7.  -00000 


HCl 
HCl 
HCl 
HCl 
HCl 


II 
II 
II 
II 
If 


-086 

-018 

•0318 

•01576 

•0 


II 
II 
II 
11 
II 


II 


all  combined. 


II 


The  flasks  were  put  in  a  hot  air  chamber  and  kept  at  ZS""  Cent 
for  half  an  hour.  The  contents  of  each  was  then  tested  with 
Fehling's  solution,  and  with  iodine  and  iodide  of  potash. 


1.  "So  sugar, 
2. 

a. 

4. 

5.  Trace  of  sugar, 

6.  Sugar  present, 
7. 


II 


II 


II 


II 


Blue  with  iodine. 


II 
II 
II 


Slight  violet  tinge. 
Decided  violet 
Red  violet 


*  JourruU  of  Physiology ^  vol.  iii.,  and  in  American  Chem,  Journal j  vol.  ill.  305. 
^  C&ntrcablaUfUr  rned,  JViaaenscha/t,  1878. 

*  Journal  of  Physiology,  ili.  p.  246. 

*  Journal  of  Physiology f  iv.  p.  18. 
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It  is  clear,  then, that  although  the  additioa  of '018  percent,  of 
free  HCl  was  sufficient  to  stop  the  amylolytic  action  of  the 
salivary  ferment,  *0318  per  cent,  of  the  combined  acid  only 
checked  it,  while  '01575  per  cent,  had  little  effect. 

As  the  hydrochloric  acid  in  the  stomach  at  the  commence- 
ment of  digestion  of  a  proteid  meal  is  entirely  combined,  it  is 
obvious  that  the  continuation  of  the  amylolytic  action  of  the 
salivary  ferment  is  possible  for  a  short  time. 

Forma  of  Proteid-hydrochloride. 

All  the  reactions  mentioned  above  may  occur  in  the  absence 
of  pepsine,  when  acid  and  proteid  are  simply  brought  together. 
The  amount  of  acid  taken  up  by  the  albumen  under  these 
circumstances  is  nearly  constant, — some  variation,  however, 
being  observed  in  direct  proportion  to  the  strength  of  acid 
solution  used.  Without  pepsine,  hydrochloric  acid  combines 
with  albumen  only  up  to  the  proportion  required  to  form  acid 
albumen :  the  proportion  may  be  less  than  that  required,  but 
never  more,  unless  we  look  on  the  charring  effect  of  strong  acid 
as  primarily  a  combination.  This  acid,  nevertheless,  though 
now  combined,  is  still  able  to  act  further  on  the  proteid  if 
pepsine  be  added  to  the  solution.  For,  if  pepsine  be  added  to 
a  mixture  of  HCl  and  albumen,  part  of  which  is  acid  albumen 
and  part  serum  albumen,  but  in  which  there  is  no  free  HCl 
present,  further  and  simpler  proteid  bodies  are  formed,  but  only 
to  a  limited  extent,  and  then  at  the  expense  of  some  of  the  acid 
albumen,  which  perhaps  may  become  serum  albumen  again. 

Hydrochloric  acid  combining  with  proteids  in  the  absence  of 
pepsine  can  saturate  the  molecules,  but  cannot  split  them  further. 

Experiment  VII,  illustrates  this  fact,  and  will  also  serve  as  a  text 
for  further  observations  on  the  action  of  HCl  on  proteids  in  the 
presence  of  pepsine. 

A  solution  of  egg  albumen,  of  which  9  ccs.  contained  1  grm.,  was 
used,  to  which  solution  hydrochloric  acid  in  varying  strengths  was 
added.     All  the  figures  in  the  tables  have  been  corrected  for  ash. 

The  quantities  were  as  follows  : — 

1.  2      grins,  albumen  '38528  grm.  HCl  86  ccs.  in  all,  '448  per  cent  acidity. 

2.  1-98  „  '24948  „  66  „  -878 
8.  1-96  „  -08424  „  86  „  -284 
*.  1-96            „               08424        „         86        „  -234 
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After  three  hours  at  38*  Cent,  the  conditioa  of  the  acid  waa  tested 
with  regard  to  whether  it  was  present  in  the  free  state  or  not 

Condvtum  of  the  hydrochloric  acid  in  the  above  Jluids. 


t 

1 

1 

Total 

Combined  Acidity 

Free  Acidity 

Lieber- 

;No. 

Acidity 

mann's 

1 

per  cent. 

per  cent 

HCl  in  grms. 

per  cent 

HCl  in  grms. 

Reaction. 

1 

•448 

•27 

•2822 

•178 

•15808 

-♦• 

2 

•878 

•252 

•15448 

•126 

095 

+ 

3 

•234 

•284 

•08424 

•  •  ■ 

•  ■  • 

>  ■  ■ 

4 

•234 

•284 

•08424 

ft  •  • 

■  •  • 

•  •  • 

PercetUa^  of  combined  If  CI  to  proteid  present. 


No. 

Total  Proteid  in 
gmiA. 

Combined  Acidity  in 
grma. 

Pereentaf^. 

1 
2 
3 

4 

2 

1-98 
1-96 
1-96 

•2322 
'15448 
•08424 
•08424 

11-61 
7-8 
4-29 
4-29 

The  exact  amounts  of  the  solutions  figured  in  the  first  of  these 
tables  were  now  poured  into  dialyser  tubes,  and  150  ccms.  of  distilled 
water  placed  round  each. 

To  Nos.  2  and  3  '054  grm.  of  pepeine  was  added. 

The  four  beakers  with  their  contents  were  now  placed  in  an 
incubator  at  38"*  Cent  In  six  hours  the  amounts  of  the  proteids 
and  the  acidities  were  again  estimated. 


0.  Inaide. 


Acidities  after  six  hour^  dialysis. 


No.  I  Amount 
,  in  ccms. 


1 
2 
3 
4 


91 
76 
50 
46 


b.  Oatside. 

1 

141 

•108 

•1622 

•02119 

2 

130 

•082 

•1066 

•07759 

3 

130 

•216 

•02808 

•0216 

4 

136 

•0072 

•009792 

•002104 

•029888 
•10087 
•02808 
•002862 


•0868 
•00441 

•00698 


Total  i 
,per  cent. 

icidity 
in  grms. 

Combine 
per  cent 

d  Acidity 
in  grms. 

Free 
per  cent 

HCl 
ingrros. 

•216 
•2052 
•126 
•144 

•19656 
•1539 
'068 
06624 

•198 
•2052 
•126 
'144 

•18018 
•1539 
•063 
•06624 

•018 

•  •  • 

•  •  • 

•  •  • 

•01688 

•  •  • 

•  •  • 

» «  ■ 

•1224 
•00573 

•00942 


+ 

+ 
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a.  Inside. 


Proteids  after  six  Uour^  dialym. 


No. 


AlbnmeD. 


1 
2 
8 
4 


■0 
•12 
•851 
1^0948 


h.  Outside. 


Acid 
Albumen. 


Albumose. 


1  ^8564 
'245 
•42 
•7314 


trace 
•28 
•101 

trace 


Peptones  and 
Extractives. 


Total. 


•02073 
•8036 
•29922 
•0404 


1  -87718 
1-4486 
1-67122 
1-8666 


1 
2 
3 
4 


trace 

-076 

-018 

trace 


•12287 
•4754 
•291876 
•0934 


•12287 
-5514 
•809876 
-0984 


Total  proteids  or  organic  solids  recovered  in  grams. 


No. 

Inside.  . 

Outside. 

Total. 

1 
2 
3 

4 

1-87713 
1  -4486 
1-67122 
1-8666 

•12287 
•5514 
•309876 
•0934 

2 

1^99 

1^981096 
1^96 

Total  solids  and  ash  found  outside. 


No. 

Total  Solids. 

Ash. 

Organic  Solids. 

1 
2 
3 
4 

•196698 
•63 

•38369 
•1672 

•078814 
-0786 
•073814 
•0738 

•122884 
•5514 
•309876 
•0984 

This  is  a  long  and  seemingly  complicated  experiment.  Care- 
ful study,  however,  soon  unravels  its  intricacies. 

The  result  of  No.  1  is  as  follows :  originally  albumen  with 
excess  of  HCl,  finally  acid  albumen  with  a  small  quantity  of 
dilBEusible  organic  material  and  still  an  excess  of  free  acid. 

In  No.  2  there  was  also  originally  an  excess  of  HCl,  amountbg, 
however,  to  only  '095;  judging  from  the  previous  example, 
however,  as  there  was  some  free  acid  present,  all  the  albumen 
would  be  in  the  form  of  acid  albumen.     On  the  addition  of 
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pepsine,  there  is  a  marked  change  ia  the  results,  do  free  acid 
inside,  only  a  trace  outside,  while  some  of  the  albumen  can  be 
recovered  unchanged.  The  other  varieties  of  proteids  are  also 
present,  with  an  appreciable  amount  of  albumose  (deutero)  out- 
side. At  the  end  of  the  experiment  only  '0053  grm.  of  free 
HCl  was  available,  at  the  beginning  there  was  *095:  "OSQ?  gr., 
therefore,  have  been  required  to  perform  the  work  indicated  by 
the  amounts  of  the  lower  proteids. 

In  No.  3,  although  the  HCl  added  at  the  beginning  was  all 
combined  to  proteids,  the  addition  of  pepsine  to  this  enabled  a 
further  digestion.  The  dialysis,  though,  of  peptones  prevented 
the  presence  of  free  acid  outside. 

In  No.  4,  under  the  same  circumstances,  but  without  the 
presence  of  pepsine,  a  small  quantity  of  organic  material  was 
lost  in  some  way,  but  the  proportion  of  acid  albumen  to 
albumen  is  instructive,  as  indicative  of  the  energy  of  HCl. 
The  presence  of  free  HCl  outside  is  explained  by  the  power 
which  simple  dial}r8is  has  of  separating  HCl  from  proteida 

If  the  details  of  the  experiment  be  more  broadly  considered, 
it  will  be  seen  that  in  Nos.  1  and  2  the  diminution  of  free  HCl 
at  the  end  of  the  experiment  was  0143  gr.  and  0897  gr. 
respectively,  the  sole  difference  in  the  working  being  the 
addition  of  pepsine.  The  decrease  in  free  HCl  is  proportionate 
to  the  increase  of  simpler  proteid  forms.  Throughout  Nos.  3 
and  4  digestion  has  gone  on  in  the  absence  of  free  HCl,  and  it 
also  follows  that  the  addition  of  a  very  small  quantity  of  free 
HCl  and  a  little  pepsine  to  a  mixture  of  albumen  and  acid 
albumen,  which  contains  no  free  acid,  results  not  in  more  acid 
albumen,  but  in  the  splitting  up  of  this  proteid  into  peptones 
and  albumoses.  The  amount  of  albumen  remains  the  same,  or 
even  increases.  This  is  also  seen  in  the  case  of  No.  2,  where, 
although  all  the  albumen  had  probably  been  converted  into 
acid  albumen  before  the  pepsine  was  added,  yet  after  further 
digestion  some  albumen  could  again  be  separated. 

On  the  other  hand,  HCl  combined  with  proteids  during  an  act 
of  digestion,  and  therefore  in  the  presence  of  pepsine,  is  incap- 
able of  further  action;  and  if  all  the  acid  be  so  combined, 
digestion  will  not  proceed  until  further  free  acid  be  added.  In 
the  combination  of  the  acid  with  the  proteid  without  pepsine. 
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potential  energy  is  stored  up  ready  to  split  up  the  molecules  of 
albumen  or  albumose — for  HCl  combines  with  all  proteids  in  a 
similar  way — when  further  action  is  facilitated  by  the  addition 
of  pepsine. 

For  it  is  not  to  albumen  alone  that  HCl  unites.  If  to  a 
solution  of  proto-albumose  hydrochloric  acid  be  added,  a 
compound  with  or  a  hydrochloride  of  proto-albumose  is  formed, 
but  it  is  not  until  pepsine  is  added  that  this  albumose  can  be 
changed  into  deutero-albumose  or  into  peptone.  Hydrochlaric 
acid  is  able  in  the  presence  of  pepsine  to  over-saturate  and 
thereby  to  split  up  proteid  moleculea 

Mode  of  Digestion  of  Proteida, 

These  observations  suggest  a  simple  way  of  explaining  the 
course  of  the  gastric  digestion   of  proteids.     Suppose  that  I 
have,  to  begin  with,  some  serum  albumen  in  solution  in  the  tube 
of  a  dialyser,  to  which  I  add  a  few  grains  of  pepsine  and  surround 
it  with  a  weak  solution  of  hydrochloric  acid,  the  whole  apparatus 
being  kept  at  40°  Cent.     As  the  molecules  of  the  acid  dialyse 
through   the   membrane   they  combine  with  molecules  of  the 
albumen.     The   albumen   molecules  are  so   large   that  in  all 
probability  more  than  one  molecule  of  HCl  is  required  to  unite 
with  each  to  form  acid  albumen.     There  may  be,  therefore,  an 
intermediate  stage,  in  which  acid  is  combined  to  albumen,  but 
no  acid  albumen  has  yet  been   formed.     When  some  of  the 
albumen  molecules  have  been  transformed  into  acid  albumen, 
and  while  free  HCl  is  still  dialysing  through  the  membrane, 
more  acid  combines  with  the  acid  albumen,  and  in  the  presence 
of  pepsine  this  combination  affords  sufficient  energy  to  split  up 
the  larger  molecule  into  two  smaller  ones,  each  of  which  can  unite 
with  a  larger  proportion  of  acid  than  its  parent.     We  have  now 
got  to  proto-albumose,  and  the  same  applies  to  the  splitting  of 
this  into  deutero,  and  of  deutero  albumose  into  peptone. 

How  does    this    theory  accord   with    fact?      Fairly    well. 
Previous  observers  have  investigated  the  subject. 

Danilewski  ^  was  the  first  who  tried  to  estimate  the  exact  amount 
of  acid  which  combined  with  proteids,  coming  to  the  conclusion  that 

1  OcrUralblaU/ilr  med,  Wisttnschafl,  1888. 
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10  to  12  parte  of  HCl  were  taken  up  by  100  parte  of  proteid  material 
£wald  ^  supported  his  conclusion,  while  Herth,*  working  in  Maly's 
laboratory,  found  that  the  hemialbumoses  took  up  HCl  with  avidity. 
]tforitz'  gives  8  to  12  parts  of  albuminates  to  1  part  of  HCl. 
Pfungen/  testing  with  methyl  violet  (a  very  uncertain  reagent),  notes 
that  no  free  HCl  appeared  until  after  *843  gnn.  of  HCl  had  been 
added  to  100  grms.  of  beef,  -674  grm.  of  HCl  to  100  grms.  of  bread, 
and  '504  grm.  of  HCl  to  100  ccms.  of  milk.  Sansoni  and  Molinari,^ 
finally,  in  a  very  interesting  research,  have  tried  to  solve  this  problem. 
They  added  to  a  known  quantity  of  a  decinormal  or  a  centinormal 
solution  of  HCl  a  solution  of  an  albuminoid  until  the  fluid  ceased 
to  give  a  reaction  with  phloroglucin- vanillin.  They  note  that 
soluble  proteids  take  up  the  acid  quickly,  the  insoluble  slowly. 

My  results  are  obtained  by  the  evaporation  of  mixtures  of 
proteids  and  hydrochloric  acid  at  different  temperatures.  The 
following  table  gives  the  sum  of  a  number  of  ezperimente. 


Proteid. 

Without 

HCl  Pe 
Pepsine. 

r  Cent. 

With 

Pepsine. 

Kvaporation 
at  100^  C. 

Evaporation 
at  38'  C. 

Evaporation  at  IOC  C. 

Egg  albnmen,    . 
Globalin,  . 
Acid  albumen,  . 
Proto  albumoae, 
Deutero  albnmose, 
Peptone, 

7-2 

8-6 

9 
11 
14 
18-20 

14-45 

15-97 

18-4 

23-6 

27-9 

81-95 

19-8 

17-1 

18-4 

18 

18 

19-4 

18-8 
19-8 
18-8 
19-8 
20-2 
21 

The  strength  of  the  HCl  solution  used  in  these  experimente  was 
'27  per  cent  Evaporation  was  continued  for  two  hours  after  the 
contente  of  the  capsules  were  dry.  In  each  case  excess  of  acid  was 
added 

It  is  at  once  clear  that  evaporation  at  38"^  Cent,  is  insufficient 
to  drive  off  all  the  free  HCl,  and  it  is  as  apparent  that  there  is 
a  great  difference  between  those  in  which  pepsine  had  been 
added  previously  and  the  specimens  evaporated  without  previous 
digestion.  The  amount  of  acid  combining  in  the  series  in  which 
this  digestion  had  occurred  was  much  the  same  throughout 

^  Die  Klinik  der  Verdauutigs  Krankh>eiten,  Berlin,  1889. 
»  MoruUsehH/l/Ur  Chemie,  1884,  S.  206. 

•  Deuiach,  Archivf&r  Klin,  Med.,  xliv. 

*  WimerKlin.  WoehenKhrifl,  vi.-x.,  1889. 

'  Anndli  di  Chimica,  ix.,  1889,  pp.  18  and  329. 
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la  the  other  cases  the  amount  of  acid  per  cent,  increased  as  the 
proteids  became  simpler.  The  totals  in  the  last  two  columns 
closely  approximate  to  the  total  in  the  simplest  proteid  in  the 
first  series. 

The  Probaile  Relation  of  the  Proteid  Moleculea  to  one 

another. 

Speculating  on  these  data  I  have  been  led  to  project  a 
scheme  illustrating  the  splitting  up  of  the  albumen  molecule. 
I  must  first  premise  that  in  using  the  number  8  or  multiples  of 
8, 1  simply  consulted  my  own  convenience.  And  again,  that  I 
have  used  A  =  A  to  signify  the  primary  proteid  molecule,  heie 
again  using  a  double  form  to  simplify  matters.     As  the  benziDC 

nucleus  is  represented  in  chemistry  as  i  I  —so,  for  illustra- 
tive purposes,  I  will  use  this  form  as  a  graphic  representa- 
tion of  my  scheme : — 

I I 

/       \ 
—a  a— 


a— 

\        / 
a;:=a 

I        I 
Serum-albumen  I  would  represent  thus : — 

HjO  H»0  H-0  H.O 

II  f    f 

a — a  a=a 

/     \      /     \ 

HjO-a  a a  a_H,0 


HjO— a  0 a  a—lLO 

\         /  \         / 

a=a  a=^a 

I  J 


H,0  HaO  H,0  Rfi 


or  8A2+I2H2O.  This  is  the  constitution  of  it  when  uncoagu- 
lated  or  when  dissolved  in  water.  If  coagulated  byjboiling,"  the 
form  changes  to  16A. 
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:a  a==a 

//         \  //         \ 

a  a a  a 


a  a a  a 

%  II  \         // 


a- 


In  this  fonn  it  is  insoluble  in  water,  and  more  difficult  to 
digest  than  in  the  former. 

Acid  albumen  has  almost  the  same  properties  as  serum- 
albumen  :  it  is  indiffusible,  is  coagulated  on  boiling  under  cer- 
t-ain  circumstances,  and  readily  returns  to  the  form  of  albumen  : 
it  probably  has  nearly  the  same  size  of  molecule  in  it:  six 

H,0  HCl  HCl   H,0 

II  II 


/        \         /         \ 
HCl-a  a a  a— HCl 


HjO— «  a a  a— H.O 

\  /         \  / 

I  I    _! 


Ha  H,0  H,0  HCl 

molecules  of  water  are  replaced  by  six  molecules  of  HCl,  or  the 
formula  is  8 A^ + 6H2O  +  6HC1. 

Leaving  hetero-albumose  out  of  consideration  for  the  pre- 
sent, proto-albumose  has  clearly  a  smaller  molecule  than  the 
preceding;  it  is  not  coagulated  by  boiling,  and  it  dialyses 
to  quite  an  appreciable  extent.  In  the  presence  of  pepsine 
and  free  HCl  another  molecule  of  the  latter  combines  with  an 
Af,  and  in  so  doing  splits  up  the  acid-albumen  molecule  into 
(4A.  +  4H2O  +  4HCI) 

H,0  HCl 


/  \ 

HCl— a  a— HjO 

II  II 

Ufi—a  a— HCl 

\  / 
a: 


I 

HCl  H,0 
this  when  washed  gives  pure  proto-albumose. 
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a      a 

/  \ 

H,0— a  a— HjO 


H,0-a  a— H,0 

\  / 

I  do  not  see  why  hetero-albumose  may  not  be  looked  upon  as 
the  preceding  without  the  water  molecules ;  at  anyrate  it  is 
easily  formed  from  proto-albumose,  and  in  this  form  would  be 
analogous  in  theory,  as  it  is  in  foct,  to  coagulated  albumen,  insol- 
uble in  water. 

Further  addition  of  HCl  in  the  same  way  gives 

HCl  HjO 


Hca  HCl 

/         \                                      II 
HjO— a  a— HCl  a n. 

a — a  HgO  HjO 

/  \ 

HCl  HCl 

Deutero-albamose.  Peptone. 

That  deutero-  has  a  smaller  molecule  than  proto-albumose  is 
proved,  I  believe,  by  the  fact  that  it  dialyses  more  quickly,  and 
the  same  argument  applies  to  peptone. 

In  this  very  hypothetical  scheme,  I  have  looked  on  the 

primary  and  indivisible  proteid  molecule  as  A  =  A,  and  postulate 

the  inability  of  A  standing  by  itself  without  splitting  up  into 
amido-acids  and  extractives.  Again,  for  convenience,  I  have 
made  each  simple  molecule  quadrivaleut.  The  building  up  of 
albumen  from  peptones  and  albumoses  in  the  walls  of  the 
stomach  may  be  a  reversed  process  to  this,  probably  consisting 
in  the  partial  dehydration  of  the  simpler  forms,  leaving  some  of 
the  links  open,  which,  under  the  influence  of  a  ferment,  clasp 
one  another  and  re-form  the  higher  molecule. 

That  HCl  is  absorbed  by  and  combined  to  proteids  during 
digestion  is  also  proved  conclusively  by  the  fact  that  if  a  mix- 
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ture  be  made  containing  some  albumen,  pepsine  and  HC1»  only 
A  Tery  small  amount  of  free  HCl  being  present,  after  digestion 
has  gone  on  for  some  time  no  free  HCl  can  be  detected  The 
total  acidity  of  the  mixture,  however,  remains  the  same.  This 
^iras  referred  to  before  in  discussing  Experiment  VII. 

Size  of  the  different  Proteid  Molectdea, 

The  different  arguments  in  favour  of  the  lower  proteids 
being  simpler,  the  higher  more  complicated  molecules  may  now 
be  brought  together  in  one  place.  First,  the  lower  forms  can 
be  obtained  from  the  higher,  and  contain  the  same  elements  in 
very  much  the  same  proportions.  This  has  been  shown  by 
various  analyses.  Secondly,  the  sulphur  constituent  of  each 
proteid  is  practically  the  same — somewhere  between  one  or  two 
molecules  in  each.  This  can  only  be  explained  on  two  hypo- 
theses— either  that  the  lower  are  rearrangements  of  the  higher 
proteid  molecules,  or  that  the  higher  are  formed  of  several 
molecules  of  the  lower  series  joined  together  in  some  way,  each 
primary  molecule  of  which  resembles  that  of  the  lowest  proteid 
in  the  scale.  The  last  hjrpothesis  is  the  most  feasible  and  most 
workable.  Thirdly,  differences  exist  in  the  proportion  of  dif- 
ferent metals  combining  with  different  proteids. 

Silver  Salts  of  the  Proteids, 

In  pursuit  of  information  regarding  the  relative  sizes  of  the 
proteid  molecules,  I  was  led  to  make  researches  into  the  bodies 
which  are  formed  when  silver  nitrate  is  added  to  them.  The 
actual  working  out  of  the  problem  I  must  leave  for  another 
occasion.  I  only  wish  to  give  here  the  proportionate  weights  of 
the  bodies  formed  under  identically  similar  circumstances.  The 
results  obtained  have  been  so  uniform,  that  I  have  ventured  to 
call  the  combinations  by  the  name  of  salts. 

Loew  (Archiv  fUr  Pkynologie,  Bd.  xxxi.  s.  393),  who  worked  at 
this  subject,  obtained  varying  results  as  he  varied  the  strengths  of 
his  silver  solution :  below  a  1  per  cent,  he  got  no  precipitate  with 
egg-albnmen  without  the  addition  of  sulphuric  acid,  with  a  1  per 
cent,  he  found  the  ratio  of  silver  to  albumen  as  2*18  per  cent;  with 
a  5  per  cent  to  a  10  per  cent,  solution  the  ratio  rose  to  4 '31  per  cent 
Further  manipulation  afforded  combinations  richer  in  silver, — ^the 
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addition  of  ammonia,  for  instance,  causing  the  precipitate  to  contain 
10'7  per  cent,  of  silver. 

Loew  estimated  the  amount  of  the  silver  by  dissolving  the  asli  of 
the  washed  precipitate  in  nitric  acid,  precipitating  with  hydrochloric 
acid,  and  weighing  as  chloride  of  silver.  He  considered  that  atoms 
of  metallic  silver  were  attached  directly  to  the  proteid  molecule. 

Fuchs  {Ann,  Chem.  Pharm.,  Bd.  151,  p.  372)  found  in  his  silver 
albuminate  an  average  of  3*28  per  cent,  but  he  always  had  an  excess 
of  albumen  present 

Loew  also  investigated  the  amount  of  silver  which  combined 
with  "  peptone,"  but  in  those  days  "  peptone  "  comprised  albumoses 
as  well  as  true  peptone.  He  only  made  three  analyses  with  a  mean 
of  11  per  cent  of  silver.  All  through  his  work  this  observer  has 
theorised  from  too  scanty  grounds,  two  or  at  most  three  analyses 
sufficing  in  each  case. 

As  the  percentage  of  silver  to  albumen  varied  so  much  in 

these  results,  it  was  doubtful  whether  the  bodies  obtained  were 

true  chemical  combinations  or  not     But  it  seems  likely  that  a 

molecule  of  silver  may  take  the  place  of  one  molecule  of  water, 

or  that  two  or  more  may  be  so  added  to  the  albumen.     Loew's 

figures  are  also  borne  out  by  Harnack's  copper  compounds.    This 

observer  succeeded  in  separating  two  series  of  cupric-albuminates, 

which  correspond  closely  to  the  first  two  silver  compounds  of 

Loew. 

I  have  made  an  extended  series  of  observations  on  the  silver  salts 
of  the  proteids.  For  this  purpose  1  separated  the  globulin  from 
white  of  egg  as  described  above  (p.  196),  neglecting  however  the 
salts.  These,  however,  1  estimated  in  the  usual  way,  calculating 
also  the  weight  of  chlorine  by  precipitation  of  the  dissolved  ash  with 
nitrate  of  silver.  I  adopted  the  same  procedure  with  regard  to  the 
other  members  of  the  proteid  group.  In  the  case  of  deutero- 
albumose  and  peptone,  I  found  that  so  much  of  the  proteid  was  lost 
during  the  dialyses  necessary  to  abstracting  the  salts,  that  it  was 
better  to  calculate  the  ash  and  chlorine  as  above  stated.  All  the 
specimens  of  individual  proteids,  however,  were  free  from  traces  even 
of  the  others. 

I  added  to  each  proteid  in  turn  an  excess  of  silver  nitrate,  dissolved 
in  distilled  water,  the  solutions  being  of  unknown  strength,  but 
usually  above  10  per  cent.  The  precipitate  with  albumen  was  pure 
white,  flocculent  and  comparatively  light,  the  solution  filtering 
slowly.  With  proto-albumose  the  precipitate  was  finer,  of  a  bright 
light-yellow  colour  and  filtered  well.  Deutero-albumose,  on  the 
other  hand,  gave  an  orange  yellow,  fine,  heavy  precipitate,  filtermg 
rapidly,  while  peptone  afiforded  a  slightly  yellow,  very  minute  pre- 
cipitate, which  filtered  badly,  much  going  through  the  filter-paper 
at  first,  and  which  washed  extremely  ill.  The  precipitates  were 
washed   with  distilled  water  until  no  further  reaction  was  given 
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on  the  addition  of  HOI  to  the  filtrate  or  precipitate  caused  by  the 
addition  of  alcohol.  They  were  then  washed  with  methylated  spirits 
and  absolute  alcohol,  dried  at  110"  and  weighed.  The  filter-papers 
used  were  practically  ash  free,  each  containing  -OOOOSd  grm.  The 
weighed  paper  was  now  incinerated  in  a  capsule  of  known  weighty 
the  sOver  recovered  and  estimated.  On  occasion  the  result  was 
checked  by  solution  of  the  silver  in  HNO3,  filtering,  then  precipita- 
tion with  HCl  and  reweighing. 

The  silver  obtained  by  the  incineration  was  both  in  the  form  of 
chloride,  from  the  chlorine  in  the  ash,  and  of  the  metal,  the  oxide 
AggO  and  carbonate  being  converted  to  the  metal  by  the  prolonged 
action  of  heat.  The  chloride  of  silver  in  the  remainder  had  already 
been  calculated  from  the  known  chlorine  of  the  ash  of  the  original 
proteid,  and  could  be  subtracted. 

The  results  are  given  both  in  percentages  and  in  simple  proportions. 

Experiment  VII L     A.  Silver  to  Egg  Albumen. 


No. 

Silver 
slbtiinen. 

Silver  freed  from 

chloride  and  ash 

of  filter-paper. 

Proportion  of 
silver  to  albumen. 

Percentage. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

•191 

•17 

-16 

•3972 

•3871 

•8961 

•289 

•246 

•891 

•0129 
•0128 
•0106 
•0277 
0242 
•0261 
•0161 
•0167 
•0602 

1  to  14-8 

1  .,  18-9 
1  „  15  09 
1  „  1438 
1   „  13-92 
1  „  15-1 
1  „  14^84 
1  .,  14-73 
1  n  H-8 

6  75 
7^23 
6-62 
6-97 

7  22 
6-58 
678 
6^78 
6-75 

Average  1  to  14^61,  or  6'847  per  cent 

These  numbers  are  very  satisfactory  when  the  fact  is  considered 
that  the  silver  was  added  in  varying  strengths,  though  always  in 
excess. 

B.  Silver  to  Proto-Albumose. 


No. 

1 
2 
8 
4 
5 
6 
7 
8 

Silver 
albomose. 

Silver  freed  of 

chloride  and  of  ash 

of  filter-paper. 

Proportion  of  silver 
to  proto-albomose. 

Percentage. 

•081 

-054 

•065 

•154 

•07 

•118 

•128 

•2722 

•0186 

•0091 

•0105 

•0245 

•0112 

•025 

•02 

•0468 

1  to  5-94 
1  ,,  5-93 
1  M  619 
1  „  6^28 
1  u  6-24 
1  „  6-01 
1  „  6-4 
1  „  5^81 

16^79 

16-85 

16-16 

15  92 

16 

16-68 

15-62 

17-2 

Average  figures,  1  to  6 •I,  or  16*395  per  cent 
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C.  Silver  to  DeuUro-Albwrnose. 


No. 

1 
2 
3 
4 

5 
6 

Silver 
albamose. 

Silver  freed  of 

chloride  and  of  ash 

of  filter- paper. 

Proportion  of  silver 
to  deutero-albumose. 

Percentage. 

•092 

•09 

•075 

•037 

•04 

•097 

•0217 
•0221 
•0169 
•0095 
•0102 
•0234 

1  to  4-239 
1  „  4-07 
1  „  4-43 
1  „  8-89 
1  „  3*92 
1  „  4-14 

23*58 

24-44 

22*67 

25-7 

25-6 

24-12 

Average  figures  are  1  to  4'1149,  or  21 '313  per  cent. 
D.  Silver  to  Peptone, 


No. 

1 
2 
3 

4 

Silver 
peptone. 

Silver  free  from 

chloride  and  ash  of 

filter-paper. 

Proportion  of  silver 
to  peptone. 

1 

Percentage. 

•04 
•031 
•087 
•098 

•1011 
•0617 
•275 
•1141 

Ito  -39 
1  „  -502 
1  „  -816 
1  „  -858 

256 
199 
316 
116 

The  average  figures  are  1  to  •5165,  or  221*75  per  cent 

It  'will  be  noticed  at  once  that  the  Diimbers  in  the  albumen 
series  are  more  constant  than  Iq  the  proto-albumose  compounds; 
the  numbers  in  the  deutero-albumose  are  still  less  constant, 
while  little  reliance  can  be  placed  on  the  peptone  figures.  The 
precipitate,  in  fact,  of  the  peptone  is  probably  very  unstable. 

From  these  figures  the  relation  of  the  different  proteids  to  one 
another  is  as  follows : — 


Albumen. 

Proto-albumose. 

Deutero-albumose. 

Peptone. 

14^61 
or        1 

6-1 
•417 

4-1149 
•281 

•5166  ? 
•0353  ? 

To  check  these  results,  I  precipitated  similar  solutions  of  these 
bodies  by  means  of  a  very  dilute  solution  of  silver  nitrate,  using 
*1  per  cent,  in  distilled  water.  This  was  added  in  excess.  Very 
similar  precipitates  to  those  obtained  before  fell  in  the  first  threa 
With  peptone,  however,  a  precipitate  appeared  which  was  so  diffuse 
and  light  that  by  no  means  could  it  be  retained  on  a  filter-paper. 
Two  determinations  were  made  in  each  case. 
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Experiment  IX. 


Proteid  and 
Silver. 

SUver 
alone. 

Proportion. 

Percentage. 

Albumen,    ...  1 

f>         ...  2 

Proto-albumose,    .  1 

ft  t)  '2 
Deutero-albumose,  1 

n               »>       •  2 

•278 

•806 

•016 

0155 

0-22 

0-3 

•088 

•04 

•0082 

•0027 

•0067 

•0075 

1  to  718 
1  „  7-65 

1  m5 
1  ,,  5»4 
1  „  8-28 
1  »4 

18*9 

18^07 

20 

16^79 

80 

25 

The  combination  with  albumen  here  has  double  the  quantity  of 
silver  in  it ;  in  the  others  also  the  silver  is  in  slightly  greater  pro- 
portion. The  numbers  are  too  small  to  found  any  conclusion  on,  and 
require  repetition. 

The  general  result,  then,  of  these  observations  is  to  point  to 
the  great  probability  of  a  descending  series  of  proteid  molecules. 
I  attempted  to  check  my  results  with  a  similar  set  of  experi- 
ments on  copper  salts  of  the  proteids,  but  the  time  at  my  disposal 
has  proved  insufficient. 

Hamack  {Zeitickrift  fUr  Physiol.  Cfhemie,  Bd.  v.  s.  198),  who  gives 
an  account  of  the  literature  of  the  subject,  found  that  egg  albumen 
combined  with  1^35  or  with  2*64  per  cent,  of  copper.  He  also  sub- 
mitted the  bodies  so  obtained  to  analysis,  and  found  the  composition 
of  the  albumen  was  almost  identical  in  the  twa 

The  following  figures,  which,  being  derived  from  too  scanty  mate- 
rials, are  not  to  be  relied  on,  corroborate  to  some  extent  the  previous 
restdts. 

Ea^perimeni  X» 

Copper  sulphate  solution  was  added  in  excess  to  the  various  proteids 
with  the  following  result : — 

Copper  to  Albumen,  .        .        .        .        .        1'5   percent 
Copper  to  Proto-Albumoae,  .        .        .        2*9        ,, 

Copper  to  Deutero-Albumose,     .        .        .        4*17      „ 
Copper  to  Peptone.    Could  notbe  retained  on  a  iilter-paper. 


As  in  the  silver  combinations,  the  albumen  precipitate  was  flocculent, 
the  others  finer  and  heavier. 


Diffusion  of  the  different  proteids,  I  thought,  might  also  aid 
in  determining  the  relative  sizes,  and  the  following  series  of  ob- 
servations was  performed  for  that  purpose. 

VOL.  XXVIL  (N.S,  VOL.  VU.)  P 
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SxperimetU  XI, 

The  following  amounts  of  the  different  proteids  were  each  dissolved 
in  50  ccms.  of  distilled  water,  other  50  ccms.  were  placed  outside  the 
dialjsing  tubes,  into  which  the  proteid  solutions  were  poured.  The 
levels  of  the  solutions  inside  and  out  were  carefully  rendered  the  same. 
After  three  hours  the  water  outside  was  evaporated,  the  residue 
weighed  in  capsules.     Corrections  for  ash  were  made  in  each  case. 


Inside. 

1.  '237     Egg  albumen, 

2.  '24108  Proto-albumose, 
8.  '24148  Deutero-albumose, 
4.  '0421    Peptone,      .     . 


+  60  CC8. 
water. 


Outside  50  ccs.  water,  which,  after 
three  hours,  contained — 

1.  '0015  gr.  or      '64  per  cent 

2.  -006  „  or  2-47 
8.  -013  „  or  5*88 
4.  -01      „  or28'76 


If 


That  is  to  say,  that  albumen  dialysea  little  if  at  all,  but  that 
the  others  dialyse  progressively  faster  as  we  go  down  the  series. 

The  different  fects  which  have  been  noted  above  about  the 
relative  size  of  the  proteid  molecules,  and  the  consequent  support 
they  give  to  my  theory  of  the  combination  of  HCl  with  them  in 
peptic  digestion,  may  be  here  set  down  together : — 


No. 


1 
2 
8 
4 
6 


Albumen,     . 
Acid  albumen, 
Proto-albumose,  . 
Deutero-albumose, 
Peptone, 


Hydrochloric  acid 

Silver 

Copper 

Diffusion 

per  cent. 

per  cent. 

per  cent. 

percent. 

7 

9 

11 

6-847 

1-6 

-64 

16-395 

■  •  • 

2-9 

•  •  ■ 

2 '47 

14 

24-818 

4-17 

5 '88 

20 

221-  (?) 

•• « 

23-76 

All  these  series  are  of  one  form,  though  naturally,  as  the  re- 
agent varies,  so  the  intervals  vary.  I  do  not  propose  to  argue 
further  from  these  figures  on  the  present  occasion. 

Speaking  broadly,  then,  I  believe  the  class  of  proteids  to  con- 
sist of  bodies  which  are  multiples  of  one  another,  which,  when 
dissolved  in  water,  combine  with  a  certain  quantity  of  it,  and 
which  have  an  affinity  for  hydrochloric  acid,  this  substance  re- 
placing water,  or  combining  with  the  proteid  instead  of  water. 
And  further,  that  the  combination  of  hydrochloric  acid  with 
them  in  the  presence  of  pepsine — a  ferment  which  probably 
renders  the  links  binding  together  the  primary  proteid  mole- 
cules more  unstable, — this  combination  evolves  sufiacient  energy 
to  split  up  the  compound  molecule.    The  daughter  molecules 
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combining  with  a  greater  percentage  of  acid  than  their  parent, 
in  a  similar  manner  may  be  resolved  into  a  younger  generation. 
In  fact,  semm-albnmen  is  usually  the  grandfather  of  peptone. 
Molecules  of  peptone  may  not  always,  however, — to  carry  the 
analogy  farther, — ^be  twins :  that  is  to  say,  two  molecules  of  proto- 
albumose,  combining  with  hydrochloric  acid,  may  split  into 
partly  deutero-albumose,  partly  peptone.  Perhaps  the  differ- 
ence of  the  hemi-  and  the  anti-  compounds  so  commonly  dis- 
played in  the  text-books  on  physiology  arises  in  this  last  way, 
though  I  must  say  that,  when  I  determined  to  do  so,  I  seemed 
to  have  little  difficulty  in  simplifying  the  anti-compounds  if  I 
used  a  dialyser  as  an  artificial  stomach ;  not,  however,  if  I  pro- 
ceeded in  the  ancient  manner — ^namely,  by  means  of  a  flask. 

A  discussion  of  the  probable  form  and  constitution  of  the 
primary  molecule  would  just  now  be  foreign  to  my  purpose. 
The  manner  in  which  the  molecule  of  HCl  takes  the  place  of 
water  is  also  immaterial;  the  CI  probably  takes  the  place  of 
hydroxyl. 

I  said  above,  that  washing  coagulated  albumen,  which  is  com- 
bined with  some  hydrochloric  acid,  with  water,  removed  in  time 
most  of,  if  not  all,  the  acid.  In  like  manner,  washing  albumoses 
or  peptones  to  which  acid  is  combined  with  alcohol,  serves  to 
remove  the  acid.  The  insolubility  of  these  substances  in  alcohol 
being  probably  due  to  the  removal  of  water  and  the  formation 
of  a  closed  ring,  so,  in  the  same  way,  it  may  remove  the  com- 
bined acid.  A  point  of  some  note  with  regard  to  this  is,  that 
by  washing  acid  albumen  frequently  with  distilled  water,  one 
may  remove  all  the  acid  from  it,  obtaining  what  I  believe  to 
be  serum-albumen  again. 

Turning  now  more  particularly  to  this  acid  albumen  or  to  acid 
globulin,  two  of  the  most  peculiar  of  the  proteid  series,  I  would 
direct  attention  to  the  following  facts.  If  a  solution  containing 
acid  albumen,  to  which  has  been  added  a  drop  of  phenolphthalein, 
be  carefully  neutralised  by  the  addition,  drop  by  drop,  of  a  deci- 
normal  solution  of  caustic  soda,  long  before  the  fluid  becomes 
neutral  the  first  opalescence  formed  by  the  precipitation  of  the 
acid  albumen  appears.  If  soda  be  still  added  until  the  precipi- 
tation of  the  proteid  occurs  in  flakes,  it  will  be  seen  that  it  has 
as  yet  no  red  colour ;  it  is  not  yet  alkaline.    Filter  off  the  acid 
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albumen,  the  filtrate  is  acid.  Add  the  acidity  of  the  filtrate  to 
that  corresponding  to  the  soda  previously  added,  and  a  deficiency 
will  be  found  proportionate  to  the  amount  of  proteid  removed. 
This  deficiency  is  generally  5  or  6  per  cent.  The  first  opal- 
escence occurs  usually  when  the  acid,  still  not  neutralised,  is 
about  9  or  10  per  cent,  of  the  acid  albumen.  The  latter  figure 
probably  represents  the  first  interference  by  the  soda  vnth  the 
acid  combined  to  the  proteid ;  the  first  figure,  the  point  at  which 
some  of  the  acid  combined  to  all  the  acid  albumen  molecules  is 
affected,  leading  to  complete  precipitation.  Another  point  re- 
mains to  be  noticed,  namely,  that  immediately  after  the  complete 
precipitation  of  the  acid  albumen,  if  it  be  not  filtered  off,  any 
further  addition  of  the  soda  causes  a  solution  of  the  previous 
precipitate,  which  has  generally  almost  vanished  before  the 
solution  becomes  alkaline.  Does  the  soda  take  the  place  of  the 
acid,  to  some  degree,  before  general  alkalinity  occurs  ? 

These  observations  are  justified  by  a  group  of  experiments  of 
a  similar  character  to  Nos.  XII.  and  XIII. 

Experiment  XII, 

One  gramme  of  dried  uncoagulated  egg  albumen  with  50  ccma  of 
distilled  water  was  placed  in  a  dialyser,  with  200  ccs.  of  a  '072 
per  cent.  HCl  solution  outside.  Next  day  there  were  53  ccms. 
inside  of  an  acidity  of  '111 6  per  cent,  "0396  per  cent,  of  which  was 
free.  46  ccms.  of  this  fluid  was  taken,  containing  '491  gr.  of  acid 
albumen.  A  drop  of  pbenolphthalein  was  added,  and  decinormal 
soda  dropped  into  it,  with  the  following  result : — 

'03636  grm.  Precipitate  beginning  to  fall. 

'04458    ,,  Precipitate  dense. 

'048        ,,  Clearing  up. 

'05148    ,,  Clear,  pink,  just  alkaline. 

The  total  acid  present  then  was  '05148  grm. :  the  proteid  began 
to  fall  when  '01512  gr.  HCl  was  still  present  This  amount  of  acid 
was  required  to  keep  it  in  solution.  But  beforehand,  '072  per  cent, 
was  combined  to  the  albumen,  or  *0156  grm.  Therefore,  whenever 
this  amount  of  acid  was  interfered  with,  some  of  the  proteid  was  pre- 
cipitated. The  whole  of  the  proteid  was  precipitated  when  '0069 
grm.  HCl  still  remained. 

Experiment  XIII. 

*251  grm.  and  '294  grm.  of  acid  albumen  were  dissolved  in  50  ccms. 
of  a  solution  of  hydrochloric  acid,  free  acid  being  present.     Thej 
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were  tben  tested  as  before,  one  with  deci-,  the  other  with  centi-normal 
soda  solution.  The  total  acidity  of  the  first  solution  was  lower  than 
in  the  second,  '132  and  '209  per  cent  respectively. 

1.  2. 

HCl  eqnivalent  in  HCl  eqaivalent  in  Rasnlt. 

grms.  of  soda  added,      grms.  of  soda  added.  Aesuii. 


-054 

•090676 

Opalescence. 

'05652 

'094212 

Opaqne. 

Flaky  precipitate. 

-05904 

•097776 

•06012 

•09954 

Beginning  to  clear. 

•06282 

•103572 

Clearing. 

'06624 

'104686 

Alkaline,  almost  clear. 

Between  the  first  precipitation  and  alkalinity  in  these  two  a  very 
similar  proportion  exists.  In  No.  1,  "01224  grm.  HCl,  or  4*91  per 
cent ;  in  No.  2,  '01411  grm.  HCl,  or  4'79  per  cent.  The  other  figures 
closely  correspond. 

That  the  fluid  is  not  neutral  when  acid  albumen  is  precipitated  in 
flakes,  is  proved  by  the  following  observation  on  No.  2  of  the  last 
experiment. 

Experiment  XI7, 

After  the  fluid  in  No.  2  of  Experiment  XIII.  had  been  rendered 
alkaline,  it  was  acidified  again,  and  the  acid  albumen  again  preci- 
pitated in  flakes  by  the  addition  of  alkali.  It  was  now  filtered,  and 
the  filter-paper  washed  several  times  with  distilled  water.  The 
filtrate  contained  no  proteid  material,  but  was  acid,  containing 
'00216  grm.  HCl.  The  diflerence  between  the  point  at  which  the 
precipitate  fell  in  flakes  in  Experiment  XIII.  No.  2,  and  the  alka- 
linity point,  was  equal  to  '00691  grm.  of  HCl.  The  removal  of  the 
acid  albumen  diminished  this  by  '00475  grm.  This  either  represents 
acid  attached  to  the  proteid,  or  the  equivalent  amount  of  soda 
required  to  be  taken  up  by  the  albuminoid  before  phenolphthalein  is 
changed  in  colour  by  free  alkali. 

Acid  globulin  behaves  in  much  the  same  manner,  falling 
sooner,  however,  and  persisting  longer  in  an  insoluble  form, 
than  the  corresponding  albumen. 

The  Effect  of  Dialysis  on  the  Proteid  Hydrochlorides. 

On  submitting  albumen  with  which  hydrochloric  acid  is  com- 
bined to  the  action  of  dialysis  into  distilled  water,  the  acid  is 
removed,  the  albumen  remains.  If  albumoses  similarly  com- 
bined are  similarly  treated,  some  of  the  albumose,  more  if  it  be 
the  secondary  albumose,  dialyses,  and  with  it  the  acid  combined 
to  it,  and  also  the  acid  combined  to  the  remainder  lefc  inside. 
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On  the  other  hand,  peptone  and  the  acid  combined  with  it 
dialyse  out  freely  together.  Again,  if  a  solution  of  albumen 
with  HCl  combined,  in  which,  however,  there  is  no  free  add 
present,  be  dialysed,  free  acid  appears  in  the  water  outside  and 
never  more  than  a  trace  of  acid  in  a  state  of  combination,  while 
if  peptones  be  similarly  treated,  no  free  acid  appears  either 
outside  or  within.  An  interesting  point  occurs  here,  bat  before 
touching  on  it,  I  must  contradict  what  I  said  above.  I  there 
made  the  statement  that  acid  combined  to  proteid  without  the 
aid  of  pepsine  is  capable  of  further  digestion  on  the  addition 
of  that  ferment,  while,  conversely,  acid  which  had  saturated  the 
proteid  molecules  under  the  influence  of  pepsine,  was  incapable 
of  further  digestion.  This  last  statement  is  not  correct,  for  I 
have  been  enabled  to  separate,  in  the  presence  of  pepsine,  the  acid 
combined  to  albumoses  after  a  regular  digestive  act  by  means  of 
dialysis,  and  to  split  up  these  albumoses  further  into  peptones 
by  the  action  of  the  &ee  acid  thus  obtained  The  acid  which  is 
freed  from  some  of  the  albumose  molecules,  probably  those  next 
the  sides  of  the  dialyser,  is  at  once  seized  by  adjacent  mole- 
cules :  these  are  able,  owing  to  pepsine  being  present,  to  pick 
up  the  acid,  they  become  over  saturated,  they  split  up,  they 
form  peptones.  But  as  peptones  require  a  greater  percentage 
of  acid  than  albumoses,  the  process  can  only  go  on  for  a  short 
time, — the  supply  of  acid  is  deficient. 

Experiment  XV. 

25  ccms.  of  white  of  egg  were  digested  for  some  hours  with  HCl 
and  pepsine.  The  solution  then  contained  the  following  consti- 
tuents : — 


Total  solids, 
Ash,     . 
Organic  solids, 
Albumen, 
Acid  albumen, 
Albumose,     . 
Peptone, 


1*81     per  cent        Total  acidity,  '164  per  cent 
•09  „  Free  acidity,    -0 

1*72 
•876        „     . 
•0 

•6 

•3184      „ 
No  free  HCl. 


40  ccms.  of  such  a  solution  were  placed  in  two  parchment  tubes 
with  44  ccms.  of  distilled  water  added  to  each.  •Ol^  grm.  of  pepsine 
was  added  to  the  first,  the  second  was  boiled.  Bound  each,  200 
ccms.  of  distilled  water  were  poured.  Each  therefore  contained  -724 
grm.  total  solids,  '036  grm.  ash,  and  '680  grm.  organic  solids. 
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The  two  were  kept  At  38*  Cent,  for  twenty-four  houn.     Next  day, 
Outside — 

1.  182  0CID4. ;  '0175  per  cent  HCl-  -08186  grm.  HCl 

2.  188      ..     ;    0173        „  „  -'81659        „ 


tt     f 


1.  Total  solids,     . 
Ash, 
Organic  solids, 

2.  Total  solids, 
Ash, 
Organic  adds, 


'2971  grm. 
•0301    „ 
•267      „ 

'2436  grm. 
'0828    „ 
•2108    „ 


No  Liebermann's  reaction. 


Trace  of  free  HCl  as  shown  by 
Liebermann's  reaction. 


Inside — 


1.  79 '75  ccms. 

2.  82    „ 


'03075  per  cent  acidity.        '0245  grm.  HCl. 
•0861  ..  „  -02878 

No  free  HCl  in  either. 


ff 


1.  Total  solids, 
Ash, 

Organic  solids. 
Albumen,   . 

2.  Total  solids, 
AjBh, 
Organic  solids, 


eanic  sou 
Domen,  . 


Al 

To  sum  up — 

1  +  Pepsine, 


'8828   grm. 

•01196    „ 

'87084    „ 

•18706    „     '17  per  cent 

•4428  grm. 

•0082    „ 

•4346    „ 

•1894    „      ^17  per  cent 


inside,    •87084  grm.  organic  solids, 
ontside,  -267 


Total, 


•63784 


It 


it 


II 


II 


2  -  Pepsine, 


inside,    ^4346  grm.  organic  solids, 
outside,  ^2108    ,, 


Total, 


•6454 


II 


II 


II 


As  in  both  cases  there  was  no  free  hydrochloric  acid  to  start 
with,  and  as  it  had  abready  done  its  work  in  digestion,  it  is  clear 
that  dialysis  has  the  power  of  separating  it  from  its  proteid. 
In  the  example  without  pepsine,  which  had  been  previously 
boiled  to  preclude  any  error  from  the  previous  addition  of  this 
ferment,  free  HCl  was  found  outside  at  the  end  of  the  experi* 
ment.  In  No.  1,  on  the  other  hand,  the  dialysable  bodies  were 
increased,  and  yet  no  free  HCl  could  be  discovered.  Any  free 
HCl  that  might  have  been  liberated  has,  under  the  influence 
of  the  pepsine,  attached  itself  to  some  nearly  saturated  proteid 
molecule,  and  split  it  into  a  simpler  form.  In  this  way  the 
organic  solids  outside  are  increased  considerably. 

One  or  two  similar  experiments,  performed  on  similar  lines, 
corroborate  this  assertion,  and  need  only  be  referred  to  here. 
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One  was  especially  striking,  as  albumose  and  peptone  were 
alone  used  in  it,  and  a  large  proportion  of  the  albumose  was 
converted  into  peptone  by  a  like  process  to  the  preceding. 


Natural  Digestion, 

It  will  be  seen  from  what  I  have  said  that  during  an  act  of 
gastric  digestion  all  the  albumen  is  not  converted  into  albumose 
before  that  is  turned  into  peptone.  From  the  foregoing  experi- 
ments it  is  plain  that  if  a  solution  containing  both  serum  and 
acid  albumen  be  digested  with  HCl  and  pepsine,  the  acid  albu- 
men molecules  are  acted  on  first,  and  that,  indeed,  peptone  may 
be  formed  long  before  any  difference  has  occurred  in  the  quantity 
of  serum  albumen  present. 

This  accords  with  the  fact  that  within  a  quarter  of  an  hour 
after  a  meal  of  the  higher  proteids,  all  the  simpler  forms  may 
be  identified  in  the  stomach  contents ;  and  that  long  before, 
comparatively  speaking,  any  fi-ee  HCl  can  be  detected  in  those 
contents,  the  gastric  digestion  of  proteids  has,  in  part,  pro- 
gressed to  its  appointed  end.  The  acid  secreted  by  the 
stomach  combines  with  the  albumen  and  globulin ;  combining, 
splits  them  into  simpler  forms ;  and  free  acid  still  being  secreted, 
these  in  turn  are  simplified,  and  in  this  process  the  free  acid  is 
used  up.  In  time,  however,  the  ratio  of  free  HCl  added  to  the 
stomach  contents  exceeds  that  which  can  combine,  when  natur- 
ally the  presence  of  free  acid  can  be  demonstrated  in  the  con- 
tents. Until  this  point  is  reached,  generally  an  hour  after  food 
is  taken, — the  time  varying,  however,  with  the  food, — all  the  free 
acid  secreted  by  the  gastric  glands  combines  at  once  with  pro- 
teids. The  stages  of  gastric  digestion,  after  a  meal  consisting 
chiefly  of  proteids,  may  be  divided  into — 

1.  Amylolytic  stage,  acidity  slight,  rising,  no  free  HCl  pre- 
sent, but  some  combined  to  proteids.  Duration,  about  ten 
minutes.     Peptones  generally  present. 

2.  Combined-hydrochloric  acid  stage,  acidity  considerable, 
rising,  all  forms  of  proteid  present,  no  free  HCl.  Probably  some 
lactic  acid.    Duration,  until  about  the  half  hour. 

3.  Free  hydrochloric  acid  stage,  acidity  still  increasing,  some 
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free  HO,  mostly  combined,  lactic  acid  disappeariDg.  From  the 
half  hour  to  three  hours  or  so. 

4.  Last  stage.  Acidity  falling,  free  acid  rather  in  excess  of 
the  combined.     From  the  third  to  the  fifth  hours. 

Absorption  probably  goes  on  in  varying  degrees  throughout ; 
as  albumoses  dialyse,  they  possibly  can  be  absorbed  in  their 
complete  form.  Indeed,  as  the  rectum  can  absorb  albumen, 
there  is  no  reason  why  the  stomach  should  not  be  able  to  ab- 
sorb aIbumose&  Then,  by  some  converse  process,  these  bodies 
are  changed  into  albumen  again. 

Pancreatic  digestion,  most  energetic  when  there  is  consider- 
able excess  of  fatty  acids  present,  may  be  of  much  the  same 
character :  that  I  must  leave  for  future  investigation. 


FORKED  NERVE  ENDINGS  ON  HAIRS.  By  the  late 
George  Hogqan,  M.6.,  and  by  Fbakces  Elizabeth 
HoGOAN,  M.D.    (Plate  XII.) 

As  far  back  as  1880  my  late  husband  undertook,  conjointly 
with  myself,  a  series  of  researches  on  nerve  terminations  in 
different  classes  and  species  of  animals.  A  paper  was  written 
early  in  1882  on  the  Nerve  Terminations  in  the  Insectivoi^  as 
modified  by  their  habits ;  but  before  its  publication,  we  had  the 
mortification  of  learning  that  some  of  our  discoveries  and  con- 
clusions, in  relation  to  forked  terminations  on  hairs,  had  been 
forestalled  by  other  workers,  notably  by  Amstein  and  Bonnet. 
Our  work  had  therefore  to  be  recast,  and  continued  on  somewhat 
different  lines.  In  the  years  1882-84,  the  subject  of  nerve 
endings  on  hairs  and  in  the  skin  was  treated  of  by  us  in  a 
number  of  articles,^  all  illustrated  by  careful  camera-lucida 
drawings  by  my  husband,  from  specimens  prepared  by  the  gold 
method,  as  described  in  this  Jbtwrnoi,  vol.  xviii.  p.  182. 

My  husband's  health  broke  down  in  1885,  and  from  that  year 
to  the  date  of  his  death,  in  May  1892,  but  little  histological  work 
was  done,  health  requirements  having  become  a  major  con- 
sideration, to  the  exclusion  almost  of  scientific  research.  There 
remains,  however,  on  hand  much  unpublished  work  left  behind 
him,  by  one  so  skilled  in  methods  of  histological  research,  so 
keen  in  his  insight,  and  so  acute  in  his  perceptions  and  deduc- 
tions, that  it  seems  wrong  to  withhold  from  the  scientific  pubUc 
these  few  posthumous  fragments  of  what  would,  if  life  and 
health  had  been  spared,  have  expanded  into  an  extended  series 
of  observations  on  the  comparative  anatomy  of  the  peripheral 
nervous  system.    I  am  now  engaged  in  other  work,  and  may 

^  On  some  Cutaneous  Nerve-Tenninations  in  Mammals,  Linnaean  Society's 
Joumalf  vol.  xvi.,  1888.  Etudes  sur  les  Terminaisons  nerveuscs  dans  la  Peau, 
Journal  de  VAnaUmie  et  de  la  Pkynologie,  Paris,  t.  xix.,  1888.  Des  Formes 
nouvelles  de  Terminaisons  nerveuses  dans  la  Peau  des  Mammif^res,  Td.  t  xx., 
1884.  Neue  Formen  von  Endigungen  in  der  Haut  von  Saiigethieren,  1884.  New 
Forms  of  Nerve  Terminations  in  Mammalian  Skin,  JaunuU  qf  Anatomy  and 
Physiology,  vol.  xviii,,  1884. 
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never  (or  not  for  years  to  come)  pursue  further  the  same  line  of 
research ;  and  I  therefore  give  forth  this  article  in  its  present 
incomplete  form,  believing  that  the  futhful  and  accurate  draw- 
ings which  accompany  it  will  be  of  value  to  other  workers  in  the 
same  field,  and  supply  some  missing  links  of  evidence  in  the 
history  of  the  comparative  evolution  of  an  important  part  of  the 
peripheral  nervous  system  in  different  and  widely  separated 
species  of  animals  and  in  Man.  If  this  be  so,  it  will  form  a 
fitting  last  bequest  to  his  fellow-workers,  from  one  who  gave  to 
science  ungrudgingly  and  freely  the  best  years  and  the  ripest 
tboQght  of  his  lif  a 

The  innervation  of  the  hsir  follicle,  mpmaUj  of  tactile  hairs, 
has  been  investigated  by  many  since  Jobert  discovered  in  1872 
the  coil  which  is  known  by  his  name.  As  tar  back  as  1870-71 
Schobl  examined  the  wings  of  bats  and  the  ears  of  albino  mice.^ 
In  the  skin  of  the  mouse's  ear  he  saw  a  meduUated  nerve  going 
to  each  follicle,  and  forming  round  it  a  nerve  ring.  He  further 
describes  and  draws  a  wonderful  nerve  coil  below  the  hair  bulb ; 
but  the  drawings  are  so  diagrammatic,  that  it  is  not  surprising 
that  later  investigators  have  failed  to  make  out  Schobl's  coil, 
which  corresponds  rather  with  the  position  of  blood-vessels  than 
of  nerve&  Arnstein '  in  1876  speaks  of  the  terminal  brush  of 
the  nerves  of  the  follicle  of  the  feeler  hairs  of  the  mouse's  ear, 
which,  he  says,  '*  pinselformig  in  die  Olashaut  ansstrahlen." 
Bonnet,  in  his  classical  studies  on  the  innervation  of  the  hair 
follicles  of  domestic  animals,  gives  in  the  Morph,  Jahreshvjch  for 
1878  some  very  good  and  evidently  accurate  drawings  of  feeler 
hairs  from  some  of  the  numerous  species  he  examined  (ox,  dog, 
cat,  pig,  rat,  and  mouse).  In  one  of  his  drawings  he  shows,  on 
a  large  feeler  hair  from  a  dog's  nose,  straight  terminal  forked 
fibres,  and  he  also  expresses  the  well-founded  opinion  that  every 
hair,  with  its  envelopes,  is  a  tactile  organ.  Bichiardi  in  1884 
describes,  on  feeler  hairs  from  the  ox,  meduUated  fibres,  passing 
into  non-meduUated,  very  irregular,  tortuous  fibres,  which  sub- 
divide anew,  and  intertwining,  form  beautiful  ovoid  or  fusiform 
nerve  tufts,  which  extend  upwards  to  about  the  middle  of  the 
follicle. 

*  Arch,  /.  mikroskop.  AncUomie,  1871. 

'  Die  Nenren  der  behaarten  Haut,  Sitzungh,  d,  k,  k,  Akad.,  1876. 
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In  Quain's  AncUomy  (edition  of  1882)  the  innervation  of  the 
hair  follicles  is  summarily  treated  of  as  follows : — '"  Nervous 
branches  enter  the  hair  follicles,  but  their  final  distribution  is 
obscure ; "  and  the  nerves  in  tactile  hairs  are  said  finally  to  end 
in  an  annular  expansion,  which  no  doubt  refers  to  the  coil  of 
Jobert.  In  the  edition  for  1891  only  the  following  passage 
occurs : — "  Ordinary  hairs  receive  fewer  nerve  fibres,  but  as  in 
the  tactile  hairs,  most  of  these  appear  to  end  in  the  outer  root 
sheath,  at  about  the  level  of  the  orifices  of  the  sebaceous  glanda" 
So  far,  therefore,  little  recognition  of  the  work  done  in  the 
minute  anatomy  of  the  nerves  of  the  hair  follicles  has  found 
entrance  into  our  English  text-books,  for  other  writers  are 
equally  reticent  aad  chary  of  detail. 

Other  investigators  havmg  devoted  special  attention  to  the 
nerve  supply  of  feeler  habs,  and  their  fitness  to  be  regarded  as 
tactile  organs,  we  were  early  led  to  examine  more  particularly 
the  ordinary  hairs,  on  which  we  were  not  long  in  discovering 
an  amazing  richness  of  terminal  forks,  in  contradistinction  to 
what  is  found  on  feeler  hairs,  where  they  are  far  less  plentiful, 
and  are  more  difficult  to  make  out.  Feelers  and  ordinary  hairs 
possess  the  same  categories  of  nerve  elements,  but  they  vary 
greatly  in  the  manner  of  their  distribution.  In  the  feeler  hairs, 
for  iustance,  the  branched  nerve  or  ganglion  cells,  so  variously 
interpreted  by  different  writers,  are  found  in  densely  massed 
groups,  and  they  are  connected  with  many  medullated  nerves ; 
whereas  in  the  ordinary  hair  these  branched  or  stellate  ganglion 
cells  are  not  present  in  anything  approaching  the  same  number 
or  regularity.  Indeed,  they  have  been  overlooked  there  alto- 
gether by  most  observers ;  and  we  were,  I  believe,  the  first  to 
call  attention  to  them  on  ordinary  hairs.  We  have  also  failed 
to  find  on  ordinary  hairs  a  single  example  of  a  medullated  nerve 
passing  to  these  cells,  the  connection  being  always,  in  the 
ordinary  hair  follicle,  with  non-meduUated  nerve& 

The  number  of  medullated  nerve  fibres  entering  hair  foUicles 
varies  fi'om  several  hundred  on  large  feelers  (my  husband 
counted  nearly  400  on  some  of  the  largest,  in  the  horse)  to  only 
one.  In  ordinary  hairs  these  nerves  may  be  one  or  two  only, 
and  they  generally  pass  to  the  hair  at  a  much  higher  level,  and 
often  from  opposite  sides  of  the  follicle. 
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The  circular  fibres  of  the  follicle,  both  the  inner  and  the  outer 
coily  were  first  described  by  Jobert  in  1872,  in  the  AnncUes  des 
Sciences  Natv/relles,  and  we  at  that  time  only  knew  of  them  as 
occurring  on  the  fine  hairs  of  the  tail  of  the  rat.  These  coils 
exist,  however,  on  all  hairs.  They  are  the  most  superficial  of 
the  nerve  structures  of  the  follicle,  and  are  found  just  below  the 
opening  of  the  sebaceous  gland,  external  to  the  forked  termina- 
tions, between  them  and  the  basement  membrane.  These  coils 
of  Jobert  receive  nerves  horizontally  firom  the  side  of  the  follicle, 
and  we  have  traced  a  connection  between  some  of  these  fibres 
and  the  branched  cells  lying  perpendicularly  below  them. 

The  forked  terminations  lying  between   the  lower  layer  of 
epidermic  cells  lining  the  follicle  and  the  basement  membrane 
are  not  very  easily  seen  on  large  feelers,  but  they  are  found  on 
the  smaller  feelers,  where  they  form,  as  Bonnet  has  shown,  a  row 
of  short,  broad,  spade-like  bodies,  just  above  his  end  bulbs  or 
the  above  mentioned  branched  nerve  cells ;    and   upon  the 
ordinary  hair  follicles,  the  forked  endings  are   the  most  pro- 
minent of    all   the  nerve  elements.      That  these  essentially 
terminal  elements  should  be  so  much  better  developed  on 
ordinary  than  on  feeler  hairs  is,  on  the  whole,  in  favour  of  the 
interpretation  that  they  are  the  terminal  organs  subserving  the 
sense  of  touch  or  general  tactile  sensibility.     We  have  shown  in 
previous  articles  (see  list  on  first  page)  that  these  forks,  variously 
modified,  are  found  as  nerve  endings  in  all  the  known  tactile 
bodies,  and  we  have  traced  them  from  the  simple  two  or  three 
pronged  fork  on  the  ordinary  hair  (see  Plate  XIL)  through 
the   Browne  and  Hoggan  bodies,  the  Pacinian  and  Meissner 
corpuscles,  in  a  great  variety  of  modified  but  strictly  allied 
forms.     The  complicated  organ  of  Eimer  is  also,  as  we  have 
demonstrated  (see  Linncean  Society's  Journal,  vol.  xvi.,  1883), 
the  survival  of  the  nerve  elements  belonging  to  an  original 
cluster  of  hairs,  dragged  out,  in   the  course  of  evolution,  by 
the  digging  habits  of  the  mole ;  and  in  this  organ  the  homo- 
logies of  the  forked  endings  may  be  distinctly  traced     The 
probable  reason  why  this  chain  of  development  was  not  sooner 
worked  out  by  some  one  before  we  began  to  work  at  it  is,  that 
naturalists  and  histologists  have  been  accustomed  to  work  too 
much  on  separate  linea    Minute  anatomists  have  been  too  apt  to 
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confine  their  attention  to  Man  or  to  a  few  other  species,  whereas 
it  is  necessary  to  study  the  nerve  terminations  in  many  different, 
and  not  fcoo  closely  related,  species,  in  order  to  get  an  idea 
of  their  variety,  and  yet  orderly  sequence.  Naturalists  proper 
have,  on  the  other  hand,  only  too  generally,  until  quite  recent 
times,  limited  their  study  to  naked-eye  characters,  to  the  neglect 
of  microscopical  peculiarities.  The  further  working  out  of  this 
most  interesting  chapter  of  the  development  and  morphology  of 
the  nervous  system  will  have  to  proceed  more  on  the  lines  of 
comparative  histology,  and  will  necessitate  cordial  co-operation 
and  mutual  aid  between  histologists,  zoologists,  and  the 
authorities  of  zoological  gardens,  where  so  much  valuable 
histological  material  is  yearly  available  for  purposes  of  study.^ 

Our  appreciation  of  the  physiological  significance  of  feeler  hairs 
must  be  somewhat  modified  by  the  fact  of  the  comparatively 
small  number  of  forked  nerve  endings  found  on  them.  As  they 
are  organs  which  the  human  species  does  not  possess,  and  they 
may  be  taken  to  represent  a  (to  us)  lost  sense,  and  voluntarily 
projected  sense  organ,  worked  by  means  of  the  voluutary  muscles 
at  their  base,  it  is  probable  that  some  time  will  yet  elapse  before 
we  have  a  rational  conception  of  the  place  these  organs  occupy 
in  the  general  plan  of  the  nervous  system.  It  is  further  pro- 
bable that  our  knowledge  of  their  special  meaning  and  function 
will  be  best  advanced  by  the  comparative  study  of  the  nerves  and 
sense  organs  of  invertebrates,  beginning  with  the  transparent, 
soft-bodied,  marine  mollusca,  and  that  clearer  notions  of  the 
functions  of  feeler  hairs  will  only  follow  on  such  wider  study  of 
the  nervous  system,  in  its  earlier  evolution,  in  lower  forms  of 
animal  life. 

Our  researches  on  forked  nerve  endings  in  hair  follicles  were 
pursued  on  a  large  number  of  speciea  Within  the  two  years 
preceding  1885,  my  husband  examined  thousands  of  preparations, 
many  of  which  were  of  course  found  worthless,  from  the  mouse, 
the  rat,  the  mole,  the  water-shrew,  the  hedgehog,  the  rabbit,  the 
guinea-pig,  the  cat,  the  leopard,  the  dog,  the  horse,  the  pig,  the 

^  I  have  pleasure  in  acknowledging  here  how  much  my  husband  and  myself 
owed  to  the  kindness  of  the  officials  of  the  Zoological  Gardens,  Regent's  Park,  for 
placing  at  our  disposal,  immediately  after  death,  portions  of  the  skin  of  animals 
difficalt  to  obtain  elsewhere. 
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bullock,  the  raccoon,  the  opossam,  the  wallaby,  the  kangaroo, 
the  jerboa,  the  tree  porcupine,  the  washing  bear  (Procyon  lotar\ 
the  coypn,  the  bear,  the  seal,  various  monkeys,  and  Man  from 
childhood  to  old  aga     The  resulting  mass  of  our  unpublished 
material,  and  the  unpublished  drawings  made  by  himself,  are 
no^w  partly  utilised  by  me  in  this  paper.     The  drawings  I  have 
selected  are  those  which  best  show,  at  a  glance,  the  oneness  of 
type  of  the  forked  endings  in  as  great  a  variety  of  species  as 
possible  within  the  limit  of  one  plate.    I  have  omitted  from  the 
selection  all  such  as  have  been  already  shown  by  us  in  previous 
publications,  either  English  or  foreign,  as  they  can  easily  be  seen 
by  referring  to  the  publications  themselves,  and  I  only  give  a 
few  of  the  last  drawings  made.    Those  relating  to  the  human 
species  are  of  especial  interest,  as  affording  the  proof  that  the 
forked  nerve  endings  persist  from  early  childhood  to  old  age, 
unaltered  in  their  character,  although  diminished  in  number. 
Previous  researches  have  shown  (see  hairs  of  kitten  in  the 
Jou/mal  of  the  Linnsean  Society)  that  although  we  had  failed 
to  make  out  forked  endings  prior  to  birth,  they  are  distinguish- 
able as  extremely  fine  objects  (we  designate  them  as  appearing 
almost  to  have  length  without  breadth,  so  delicately  slender 
are  they)  on  both  the  largest  and  smallest  hairs  of  a  newborn 
kitten. 

If  a  hair  from  a  monkey  is  compared  with  a  human  hair,  the 
similarity  of  the  terminal  forks  is  seen  to  be  very  great  In  a 
specimen  from  the  weeper  capuchin  the  resemblance  is  particu- 
larly more  striking.  They  are  indeed  so  much  alike  that  the 
specimens  might  be  supposed  all  to  belong  to  the  same  species, 
although  the  direction  taken  by  the  meduUated  nerves  is  dif- 
ferent, and  they  have  a  longer  longitudinal  course  in  Man, 
more  nearly  resembling  their  course  in  the  horse  (fig.  1),  but 
more  twisted  than  in  that  animal.  In  fig.  8  the  two-pronged 
type  of  fork  is  clearly  shown,  but  it  is  less  regular  than  in  some 
of  the  other  figures.  In  a  similar  transverse  section  from  the 
raccoon  (fig.  2),  3, 4,  and  even  5  forks  are  seen.  From  an  unpub- 
lished drawing,  it  appears  also  that  the  relative  number  of  the 
forked  endings  is  less  in  the  thin  hair  of  an  almost  bare  scalp 
from  a  man  of  58. 
A  good  deal  has  been  said  by  different  writers  about  the 
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di£Pereiit  shapes  of  the  peripheral  endings  of  the  forka  Thej 
may  be  spade  or  hoof  shaped  as  in  the  horse  (fig.  1),  lancet 
shaped  as  in  the  mouse  or  as  in  the  leopard  (fig.  4),  club 
shaped  as  in  fig.  5,  fix)m  the  seal  (centre  fork),  merely  linear  as 
in  the  ocelot  or  as  in  the  newborn  kitten,  pointed  as  in  the  child 
and  in  the  weeper  capuchin  monkey,  or  they  may  show  several 
of  these  forms  in  the  same  specimen,  as  in  fig.  7  from  the 
baboon.  In  Man  the  shape  does  not  offer  in  our  specimens 
anything  peculiar  or  characteristic,  and,  as  will  be  seen,  it  would 
be  difficult  to  pick  out  a  human  hair,  with  its  forked  nerve 
endings,  from  amongst  a  number  of  other  specimena  The 
forked  terminations  are,  as  a  rule,  flattened,  probably  by  pressure 
from  contiguous  structures,  but  this  circumstance  does  not 
appear  to  be  of  moment  in  relation  to  Man. 

In  conclusion,  the  fact  which  more  than  any  other  must  strike 
the  reader  or  investigator  is,  that  the  scheme  of  the  forked  ner^e 
endings  in  hair  follicles  is  so  consistent  and  so  little  varied  in 
such  a  large  number  of  species  only  remotely  related  to  each 
other.    If  in  the  mouse,  the  chinchilla,  the  cat,  the  dog,  the 
opossum,  the  seal,  different  spe<;ies  of  monkeys,  and  in  Man  the 
plan  of  the  axis  cylinder  losing  its  medullary  sheath  and  ending 
sometimes  in  one  branch,  but  generally  in  from  2  to  5  forks  or 
branches,  is  invariably  met  with,  the  inference  may  be  drawn 
that  we  have  here  an  important  typical  part  of  the  peripheral 
nervous  system  of  the  mammalia,  very  early  developed  in  poinl; 
of  time  in  the  zoological  scale,  formed  and  ready  for  use  at  birth, 
and  equally  well-marked  in  mammals  who  pass  great  part  of 
their  lives  in  the  water  (see  fig.  5,  from  the  seal).    It  would  be 
interesting  to  look  for  this  nerve  terminal  apparatus  in  the  lanugo 
hairs  of  children  dying  at  birth,  and  also  in  animals  at  the  other 
end  of  the  mammalian  chain,  the  Monotremata.     In  the  latter 
there  is  every  reason  to  expect  that  there  will  be  found  but  slight, 
if  any,  divergence  from  the  type  which  persists  so  constantly  in 
those  other  classes  of  the  mammalia  which  have  been  already 
made  the  subject  of  investigation  and  histological  researcL 
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DESCRIPTION  OF  PLATE  XII. 
(Drawings  made  by  the  camera-lucida.) 

Fig.  1.  View  of  nerves  on  ordinary  hair  follicle  of  horse,  ^  oil 
immersion  of  Zeiss,  tube  drawn  out.  Nerves  seen  from  interior  of 
follicle.      Section  oblique  to  axis  of  hair. 

Fig.  2.  Transverse,  slightly  oblique  section  of  hair  of  raccoon. 

Fig.  3.  Nerves  of  ordinary  hair  ftx)m  nose  of  chinchilla. 

Fig.  4.  Nerves  of  ordinary  hair  from  nose  of  leopard. 

Fig.  5.  Nerves  of  ordinary  hair  from  seal. 

Fig.  6.  Do.  from  rabbit. 

Fig.  7.  Do.  from  Rhesus  monkey  (Macactu  erythrcetts),  ^  oil  immer- 
sion of  Zeiss. 

Fig.  8.  Do.  from  weeper  capuchin. 

Fig.  9.  Do.  from  guinearpig. 

Besides  the  forked  nerve  endings  shown  in  all  the  figures,  either 
in  longitudinal  or  transverse  section,  branched  nerve  cells  are  shown 
at  the  base  of  the  forks  in  most  of  the  figures.  The  forks  are  of  a 
very  dark,  the  nerve  cells,  with  their  processes,  of  a  paler  colour. 

F.  E.  H. 
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THE  SUPRASTERNAL  BONES  IN  MAN.  By  Thomas 
Carwardine,  M.R.C.S.,  L.R.C.P.,  late  Demonstrator  0/ 
Anatomy,' Middlesex  Hospital  Medical  School.    (Fixate 

xm.) 

(Read  before  the  Anfttomical  Sodetyi  2l8t  November  1892.) 

Th£  suprasternal  boues  are  said  to  be  of  rare  occurrence  in  Man, 
and  attention  does  not  seem  to  have  been  drawn  to  their  vestiges 
which  frequently,  and  almost  constantly,  exist  in  the  human 
body.  This  may  be  because  the  ligaments  of  the  sterno- 
clavicular articulation  are  very  seldom  thoroughly  dissected 
whilst  in  the  fresh  state. 

It  is  the  object  of  this  short  paper  to  point  out  that  the 
suprasternal  bones  are  normally  represented  by  distinct  liga- 
mentous fibres  quite  apart  from  the  other  ligaments  of  the 
region ;  and  a  few  specimens  and  diagrams  are  shown  to  the 
Society  by  way  of  illustration.  One  specimen  is  an  excellent 
dry  preparation,  kindly  lent  for  the  occasion  by  Mr  Bland  Sutton, 
showing  both  the  suprasternal  bones.  The  others  are  moist 
preparations  and  serve  especially  to  illustrate  the  purpose  of  this 
paper. 

The  first  specimen  is  represented  in  fig.  1.  It  shows  a  well- 
marked  T-shaped  interclavicular  ligament  with  horizontal 
limbs,  and  vertical  fibres  descending  to  the  sternum,  representing 
the  episternal  bone  of  Lizards  and  Monotremes. 

Beneath  its  horizontal  limbs  two  well-marked  ligamentous 
bands  are  seen,  passing  from  behind  the  clavicles  in  a  direction 
forwards,  inwards,  and  downwards  to  the  sternum,  where  they 
are  attached  on  either  side  of  the  suprasternal  notch.  That  on 
the  right  side  is  occupied  near  its  attachment  to  the  sternum  by 
a  suprasternal  bone,  which  is  rather  larger  than  a  pea,  and 
elongated  from  before  backwards.  It  is  freely  movable  upon  an 
articular  facet  on  the  sternum,  has  a  synovial  membrane,  and 
the  fibres  binding  it  to  the  sternum  form  a  capsular  ligament 
for  it.  The  corresponding  ligament  on  the  left  side  presents  no 
suprasternal  bone,  but  has  at  the  most  a  slight  cartilaginous 
thickening  at  its  lower  part.     From  this  it  would  appear  that 
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the  suprasternal  bone  is  an  oesiBcation  in  connection  with  a 
ligament  which  may  be  called  the  "  suprasternal  ligament." 

The  second  specimen  (fig.  2)  represents  the  ''suprasternal 
ligament "  of  the  left  side,  passing  into  an  irregular  scale-like 
nodule  of  bone,  which,  on  careful  examination,  will  be  found  to 
show  undoubted  traces  of  secondary  connection  with  the  sternum 
by  ankylosia  This  suprasternal  nodule  is  in  fact  a  suprasternal 
bone,  which,  though  at  an  early  period  independent,  has  fused 
with  the  sternum  at  a  later  stage.  On  the  right  side  the  liga- 
ment passes  into  a  tubercle  representing  a  similai*,  but  more 
advanced  condition,  and  which,  in  order  to  adopt  uniform  nomen- 
clature, may  be  called  the  suprasternal  tubercle. 

In  the  third  specimen  (fig.  3),  taken  from  a  child  thirteen 
years  of  age,  we  find  the  condition  most  commonly  met  with. 
There  is  here  no  obvious  bony  trace  of  the  suprasternal  bones, 
but  the  suprasternal  ligaments  still  persist  as  beautiful  flat 
bands  of  bright  ligamentous  fibres,  the  central  parts  of  which 
have  the  typical  attachments  already  described,  whilst  a  few 
fibres  blend  with  the  interclavicular  ligament,  and  a  few  at 
times  with  the  sterno-clavicular  capsule. 

The  series  is  made  complete  by  reference  to  the  development 
of  the  sternum.  In  the  ossification  of  the  prsBstemum  short 
processes  of  advanced  ossification  may  sometimes  be  seen 
beneath  the  attachments  of  the  above-named  suprasternal  liga- 
ments, and  occasionally  two  independent  centres  of  ossification 
may  be  observed  in  this  position  as  described  by  Breschet 
(%  4). 

The  conclusions  to  be  derived  firom  these  specimens  are — 
(1)  that  the  suprasternal  bones  occur  as  ossifications  in  ligaments 
which  are  almost  constantly  present  in  the  adult,  though  to  a 
variable  extent ;  (2)  that  the  suprasternal  bones  may  fuse  with 
the  sternum  at  an  early  period,  being  represented  by  tubercles, 
with  the  ligaments  attached  to  them ;  (8)  that  in  other  cases 
the  suprasternal  bones  are  incorporated  with  the  sternum,  leaving 
the  ligaments  attached  to  the  sites  of  incorporation. 

When,  therefore,  these  bones  occur  in  Man,  they  may  be 
regarded  as  a  sign  of  incomplete  ossification  and  development 
of  the  sternum.  It  was  this  opinion  which  led  to  the  discovery 
of  the  specimen  represented  in  fig.  1.     This  specimen  occurred 
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in  a  subject  having  a  bifid  xiphisberaum  with  sternal  foramen 
perceptible  through  the  skin.  On  opening  the  abdomen  I 
also  found  that  the  7  th  costal  cartilages  had  failed  to  con- 
tribute to  the  formation  of  the  sternum  as  they  should  do,  bat 
only  articulated  with  it,  and  with  each  other  in  the  middle  line. 
Following  this  up  by  a  search  for  signs  of  arrested  ossification  of 
the  prsesternum  also,  I  found  the  specimen  in  question. 

The  literature  upon  the  suprasternal  bones  is  scanty,  whilst 
the  ligaments  have  not,  as  far  as  I  am  aware,  been  yet  recorded 
in  Man.  The  bones  appear  to  have  been  first  noticed  by  Beclard, 
who  regarded  them  as  rudiments  of  the  "  fourchette  "  or  furcular 
clavicle  of  birds.  Breschet  suggested  that  they  were  ventral 
vestiges  of  a  7th  cervical  rib.  Dr  Robert  Enox  described 
a  striking  specimen  in  the  London  Medical  Oazette  for  1843. 
Luschka  and  Gegenbaur  have  also  described  and  discussed  them. 
Mr  Bland  Sutton,  in  his  excellent  work  on  the  Nature  and 
Morphology  of  Ligaments,  remarks  that  "the  interarticular 
fibro-cartilages  at  the  sternal  and  acromial  ends  of  the  clavicle 
arise  from  the  regression  of  the  inner  and  outer  extremities 
respectively  of  the  cartilaginous  prsecoracoid,"  and  that  "  the 
nodule  of  bone  known  as  episterual,  is  developed  in  this  renmant 
of  the  praecoracoid  bar."  This  view  is  a  distinct  advance  upon 
that  recorded  by  Mr  W.  K.  Parker  in  his  monograph  on  the 
shoulder  girdle,  published  by  the  Ray  Society,  who  endeavoured 
to  show  that  the  sternal  portion  of  the  praecoracoid  was  repre- 
sented by  the  interarticular  fibro-cartilage  of  the  sterno- 
clavicular joint.  It  seems  to  me  probable  that  the  suprasternal 
bones,  and  the  suprasternal  ligaments  described  in  this  paper, 
are  the  true  remains  of  the  praecoracoid  cartilage  at  its  sternal 
end,  and  that  not  the  clavicles  alone,  but  also  the  sterno- 
clavicular fibro-cartilages  may  be  adventitious  structures.  It 
may  also  be  mentioned  that  the  reduction  of  the  suprasternal 
bone  or  omostemum  to  a  ligamentous  condition  has  been  shown 
by  Parker  to  occur  in  animals,  particularly  in  some  Rodenta 


THE  FUNCTION  OF  THE  URETHRAL  BULB.  By  F. 
J.  Allen,  M.A.,  M.B.  Cantab.,  Profesaor  of  Physiology 
in  Mason  College,  Birmingha/m. 

Thb  urethral  balb  is  usually  understood  to  assist  the  action  of 
the  bulbo-cavernosas  muscle  in  emptpng  the  urethra ;  but  the 
mod'iLs  operandi  is  not  explained.  A  very  peculiar  feature  of 
the  bulb  is,  that  it  does  not  surround  the  urethra,  but  is  situated 
behind  it.  Such  a  peculiarity  may  be  expected  to  serve  some 
purpose,  and  of  this  purpose  I  would  suggest  the  following 
explanation : — 

A   tube  with  spongy  walls,  like  the  distal  portion  of  the 

urethra,  offers  a  certain  impediment  to  the  passage  of  fluid. 

That  is  to  say,  the  lumen  of  the  tube  is  usually  closed,  and  if  a 

small  quantity  of  fluid  be  forced  into  one  end  of  it,  the  momentum 

is  expended  in  opening  the  tube  (or  in  other  words,  in  pushing 

aside  the  blood  in  the  erectile  tissue),  and  the  fluid  may  fail  to 

reach  the  fieir  end.    If  the  tube  were  muscular,  a  peristaltic 

movement  would  secure  the  propulsion  of  the  fluid ;  but  in  the 

case  of  the  urethra,  the  work  is  performed  by  a  special  action 

of  the  erectile  tissue  with  the  assistance  of  the  bulb.     When 

the  bulbo-cavernosus  compresses  the  bulb,  it  drives  the  blood 

from  thence  onwards,  causing  a  wave  of  increased  fulness  to 

pass  along  the  corpus  spongiosum.     This  vncreased  fvlneaa 

closea  the  urethra  behind  any  fluid  contained  therein,  and 

the  advam<ymg  wave  derives  the  fluid  onwards  before  it  to  the 

end  of  the  tvhe.    It  must  be  remembered  that  during  erection 

the  bulb  is  largely  distended  with  blood,  and  therefore  specially 

capable  of  this  action. 

The  bulb,  whence  the  wave  starts,  must  be  placed  behind  the 
point  where  the  fluid  enters.  If  the  bulb  surrounded  the 
entrance  of  the  urethra  into  the  corpus  spongiosum,  the  effect 
would  be  different.  The  contraction  of  the  buibo-cavernosus 
would  then  start  simultaneously  two  waves — one  in  the  urethral 
walls,  the  other  in  the  urethral  tube.  The  increased  pressure  in 
the  one  would  be  just  balanced  by  the  same  in  the  other,  and 
no  advantage  would  be  gained.  The  blood-wave  would  not 
close  the  urethra  behind  the  fluid  contained,  or  at  least  would 
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have  an  equal  tendency  to  close  it  either  behind  or  before.  In 
fact,  there  would  be  a  race  between  the  two  waves,  and  the  least 
impeded  would  win.  If  the  urethral  contents  were  viscid,  they 
would  move  with  difficulty ;  while,  on  the  other  hand,  the 
blood-wave  would  always  travel  unimpeded,  since  it  is  a  true 
wave, — the  fluid  not  moving  in  mass,  but  oommuaicating  its 
impulse  from  particle  to  particle.  An  evidence  of  this  rapid 
wave-movement  is  seen  in  the  suddenness  and  completeness 
with  which  the  spongy  urethra  can  empty  itself;  and  herein 
probably  consists  the  advantage  of  this  mechanism  over  peri- 
staltic action  in  the  case  of  the  urethra. 

The  diagrams  may  help  to  explain  the  action.     In  fig.  1  the 
actual  condition  is  shown,  the  blood- wave  B  starting  behind  the 


Fio.  1. 


intra-urethral  wave  U,  and  driving  the  latter  before  it     Fig.  2 
represents  a  hypothetical  urethra  surrounded  by  the  bulb,  the 


Fio.  2. 

two  waves  starting  simultaneously,  giving  no  advantage  to  the 
intrarurethral  wave,  and  not  necessarily  closing  the  tube  behind  it 
[For  the  sake  of  distinctness,  the  blood-wave  is  represented 
as  if  occupying  only  a  short  section  of  the  length  of  the  urethra, 
whereas  in  reality  its  posterior  limit  would  be  at  the  bulb. 
In  fig.  2,  where  the  waves  are  simultaneous,  this  remark  applies^ 
also  to  the  intra-urethral  wave.] 


ON  THE  ABSENCE  OP  THE  MALE  REPRODUCTIVE 
ORGANS  IN  TWO  HERMAPHRODITE  MOLLUSCS. 
By  Walter  R  Collinoe,  Demonstrator  of  Biology, 
Mason  Cdlegey  Birmingfiam. 

It  is  now  generally  agreed  that  hermaphroditism  ''was  the 
primitive  state  among  multicellular  animals,  at  least  after  the 
differentiation  of  sex  elements  had  been  accomplished  In 
alternating  rhythms,  eggs  and  sperms  were  produced."^  Gegen- 
baur*  regards  the  present  distinction  of  sexes  as  being  derived 
from  a  hermaphrodite  condition ;  while  Broch,^  speaking  more 
particularly  as  regards  the  mollusca,  holds  that  the  reproductive 
organs  "  are  laid  down  and  developed  in  the  female  type,  and 
only  secondarily  become  hermaphrodite."  It  will  be  well  to 
keep  these  ideas  before  us  while  considering  the  followiug  inte- 
resting casea 

The  species  of  molluscs  which  I  shall  here  describe  are  nor- 
mally hermaphrodite,  and,  so  far  as  I  am  aware,  there  are  no 
observations  on  record  of  either  of  these  species  or  members  of 
the  same  class  ever  having  been  found  with  either  the  male  or 
female  reproductive  organs  absent 

Some  two  years  ago,  when  dissecting  large  numbers  of  the 
HelicidcBf  in  connection  with  some  researches  upon  the  dart 
and  dart-sac,  I  met  with  a  specimen  of  Hdix  aspersa,  MUll., 
in  which  there  was  an  absence  of  the  male  reproductive  organs. 
There  were  present  the  vestibule,  vagina,  oviduct,  continued  as 
a  single  common  duct,  dart-sac,  albumen  gland,  and  an  exceed* 
ingly  small  hermaphrodite  duct  and  gland.  There  were  no 
traces  whatever  of  the  penis,  vas  deferens,  flagellum,  retractor 
muscle,  receptaculum  seminis,  or  diverticulum.  A  drawing  was 
made  at  the  time  of  the  organs  present,  but  owing  to  an  un- 
avoidable accident,  the  specsimen  was  destroyed,  and  so,  in  the 
hopes  of  securing  another  example,  I  deferred  the  publication 

^  Geddes  and  Thomson,  SvoluHon  of  Sex,  p.  78,  1889. 
^  Elements  of  Comp.  AtuU,,  trans.  1878. 
•  Morphol,  Jahrh,,  toI.  iv. 
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of  a  note  upon  the  subject  Not  until  quite  lately  has  any 
similar  occurrence  come  under  my  notice,  although  1  have, 
since  the  loss  of  the  above  specimen,  dissected  some  hundreds 
of  the  various  species  of  Arion,  Limax,  and  Helix. 

Some  two  weeks  ago  Mr  W.  A.  Gain  of  Tuxford,  Newaric, 
sent  me  a  number  of  small  slugs,  some  of  which,  being  very 
young  specimens,  I  found  somewhat  difficult  to  diagnose. 
From  dissections  I  came  to  the  conclusion  that  they  were  young 
forms  of  Avion  empiricoruTn,  F^r.,  A,  circv/m8oriptu8f  John- 
ston, and  possibly  jl.stti/t^czM,  Drap.,  and  A,  intermedins,  Nor- 
mand,  but  was  very  doubtful  of  the  two  latter  species,  so  I 
forwarded  to  Dr  K  F.  Scharfif  some  of  the  specimena  Dr  Scharff 
has  very  kindly  made  further  dissections,  and  thinks  the  forms 
to  be  A.  circimiscTipttis,  Johnst.,  with  a  somewhat  abnormal 
receptaculum  seminis.  A,  emjyi/ricorum  or  A.  mbfusca,  immature, 
and  A.  irUermediua,  one  specimen  of  which  is  remarkable  in  hav- 
ing no  male  reproductive  organs.  Unlike  the  example  of  Helix 
aaperaa,  Mttll.,  previously  met  with,  there  is  here  no  herma- 
phrodite duct,  and  only  a  slight  dilatation  standing  out  from  the 
inner  base  of  the  albumen  gland,  which  it  is  very  likely  is  only 
functional  as  an  ovary. 

There  is  no  yas  deferens  or  sperm  duct  (  »  Patronstrecke  of 
Simroth,  which  is  the  lower  portion  of  the  vas  deferens,  and  in  the 
HdiddcB,  &c.,  forms  the  penis),  no  receptaculum  duct  or  recepta- 
culum seminis,  and  the  common  duct  consists  of  a  continuation 
of  the  oviduct  only.  Attached  to  the  upper  portion  of  the 
oviduct  is  a  retractor  muscle,  which,  from  its  position  and  size, 
is  very  conspicuous. 

I  have  elsewhere  1  shown  how  few  important  va/riaiians 
there  are  in  the  reproductive  organs  of  any  individual  species 
of  mollusc  (ArionidcB),  so  that  these  two  cases  will,  I  think,  be 
of  interest  generally,  and  also  as  showing  a  reversion. 

*  77m?  Cone?iologist,  vol.  ii.  p.  56,  1892. 


NOTES  OF  A  CASE  OF  CONGENITAL  ABSENCE  OF 
BOTH  ULNiE.    By  J.  Hogarth  Pringlb,  M.B.  Edia, 
F.R.C.S.  Eng.,  AaaistaTU  Surgeon  Glasgow  Boycd   In- 
fiTmary, 

M.  B.,  set.  31,  is  the  seventh  member  of  a  family  of  nine,  all  the 
others  of  whom  are  well,^  and  not  the  subjects  of  any  deformity. 
No  case  of  deformity  is  known  to  have  existed  among  the  mem- 
bers of  either  his  father's  or  mother's  families. 

His  mother  states  that  the  patient  was  born  at  full  term,  but 
that  during  the  early  months  of  the  pregnancy  she  had  received 
a  severe  fright. 

In  addition  to  the  above-mentioned  deformity,  the  patient 
is  the  subject  of  very  advanced  right-sided  scoliosis.  The  two 
upper  extremities  are  short,  and  small  from  want  of  muscular 
development.  The  measui'ements  of  the  two  limbs  are  as 
follows : — 

Right  Left. 

From  tip  of  acromion  to  most  prominent  point  of 

the  external  condyle  of  humerus  .  .  .29  cm.  29  cm. 
From  most  prominent  poiut  of  external  condyle 

of  humerus  to  tip  of  styloid  process  of  radius    .  15     cm.  14*5  cm. 
Circumference  of  limb  over  humeral  condyles         .   18     cm.  18     cm. 
„  „        at  level  of  styloid  process 

of  radius  .         .  13 '5  cm.  13*5  cm. 

„  „        at  level  of  metacarpo-pha- 

langeal  articulations      .  17*5  cm.  15     cm. 

The  Right  upper  extremity. — The  hand  is  provided  with 
three  fingers  only,  one  well  developed,  which  appears  to  be  the 
third  (middle)  digit,  and  two  malformed  ones,  one  to  each  side 
of  the  former. 

The  middle  finger  is  perfectly  developed  and  about  the  same 
size  as  in  a  normal  adult  hand ;  its  movements  are  perfect,  and 
flexion  is  very  powerful. 

The  digit  situated  to  the  radial  side  of  the  former  is  probably 
the  index,  for  although  "  opposed "  to  the  middle  finger,  it  is 
provided  with  a  metacarpal  bone  and  three  phalange&  Its 
distal  phalanx  is  small,  and  provided  with  a  rudimentaiy  nail 
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The  two  interphalangeal  joiota  are  ankylosed,  but  that  between 
the  metacarpal  boce  aad  proximal  phalaax  is  movable,  and  the 
patient  is  able  to  fiex  and  extend  it  to  a  limited  degree. 

The  third  digit  present,  sitnated  on  the  ulnar  side  of  the 
middle  finger,  is  apparently  the  representative  of  the  fifth  finjjer ; 
it  consists  of  a  metacarpal  bone  and  two  phalanges,  the  distal 
being  very  short  and  provided  with  a  rudimentary  nail,  a  mere 
speck.  Be  is  able  to  exert  a  certain  amount  of  movement  at 
the  metacarpo-phalangeal  articulation,  which  consists  of  an 
ulnar  flexion  so  far  as  to  bring  it  to  a  right  angle  with  the  ulnar 
border  of  the  band. 

There  is  no  trace  of  the  ring  finger  or  its  metacarpal  bone, 
unless  a  small  tubercle  over  a  distinct  projection  on  the  radial 
side  of  the  base  of  the  proximal  phalanx  of  the  little  finger  can 
be  considered  its  representative.  There  is  a  distinct  gap 
between  the  metacarpal  bones  of  the  middle  and  little  fingers. 

The  wrist  joint  is  freely  movable.  The  trapezium  is  absent, 
but  it  is  not  possible  to  determine  if  any  other  carpal  bones  are 
wanting. 

There  is  no  trace  of  the  ulna 

The  lower  extremity  of  the  radius  is  thicker  than  normal, 
and  more  widened  out ;  it  seems  to  end  in  two  styloid  procesees. 
The  head  of  the  radius  is  not  distinctly  definable ;  it  lies  rather 
to  the  anterior  aspect  of  the  external  condyle. 

The  internal  condyle  of  the  humerus  is  very  prominent,  as  is 
well  seen  in  the  figure. 


Eight  Arm  of  M.  B. 

A  slight  olecranon  fossa  seems  to  be  present,  but  the  trochlea 
is  nob  felt    The  external  border  of  the  humerus  is  coutiniied 
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directly  on  to  the  radius,  the  two  bones  being  united  by  osseous 
ankylosis,  the  forearm  being  flexed  on  the  arm  at  an  angle  of 
about  150^  The  pulsations  of  an  artery  can  be  felt  just  above 
the  wrist  on  the  ulnar  side  of  the  limb,  but  none  can  be  made 
out  on  the  radial  side. 

The  muscles  of  the  forearm  are  well  developed. 

The  biceps  and  brachialis  anticus  are  feebly  developed,  but 
the  patient  can  voluntarily  contract  them  to  a  slight  extent. 
Only  the  long  head  of  the  triceps  seems  to  be  present ;  it  ends 
in  a  distinct  cord-like  tendon  8  cm.  long,  which  passes  to  be 
inserted  into  the  back  of  the  internal  condyle  of  the  humerus : 
the  patient  cannot  bring  this  muscle  into  action.  Its  tendon 
stands  out  distinctly  to  the  inner  side  of  the  internal  border 
of  the  huraerua  There  seems  to  be  no  muscular  tissue  between 
the  skin  and  the  posterior  aspect  of  the  humerus. 

The  deltoid  and  other  muscles  about  the  head  of  the  humerus 
are  well  developed,  and  all  movements  at  the  shoulder  joint  can 
be  fully  executed. 

The  Left  upper  extremity. — ^The  hand  is  narrower  and  less 
well  shaped  than  the  right :  it  also  is  provided  with  only  three 
digits — ^the  best  developed  of  which  seems  to  be  the  index,  but 
its  movements  cannot  be  executed  so  forcibly  as  in  the  func- 
tional finger  of  the  right  hand. 

To  the  radial  side  of  this  digit,  and  attached  to  it  by  a  web, 
which  extends  up  almost  to  its  first  interphalangeal  articula- 
tion, is  a  rudimentary  thumb.  Its  metacarpal  bone  is  very 
small,  measuring  1  cm.  in  length,  and  with  the  first  phalanx  lies 
in  the  soft  tissues  of  the  hand,  not  articulating  with  any  bone  : 
the  digit  is  functionless. 

The  remaining  digit,  situated  to  the  ulnar  side  of  the  index, 
may  be  the  representative  of  either  the  third  or  fourth  finger — I 
believe  it  is  the  third  It  is  maintained  in  a  state  of  flexion  at 
the  interphalangeal  articulations,  the  first  of  which'  is  ankylosed, 
the  second  free,  though  not  under  the  control  of  the  patient. 
The  metacarpo-phalangeal  articulation  can  be  feebly  flexed  and 
extended. 

There  is  no  trace  of  the  other  fingers. 

The  wrist  joint  is  freely  movable,  the  left  trapezium  is  present. 

No  trace  of  the  ulna  can  be  made  out. 
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The  radius  is  much  the  same  as  on  the  right  side.  The  head 
is  united  to  the  external  condyle  of  the  humerus  by  osseous 
ankylosis,  but  rather  to  its  anterior  aspect.  The  external  border 
of  the  humerus  ends  abruptly  at  the  external  condyle,  is  not  pro- 
longed down  into  the  radius  as  on  the  right  side.  Felt  from 
behind,  the  lower  extremity  of  the  left  humerus  is  bifid. 

An  artery  is  felt  pulsating  on  each  side  of  the  anterior  aspect 
of  the  forearm  just  above  the  wrist. 

The  muscles  of  the  forearm  are  well  developed. 

What  there  is  of  a  left  biceps  is  inserted  by  a  fine  tendon  into 
the  anterior  aspect  of  the  internal  condyle ;  and  close  to  it,  at 
the  upper  and  back  part  of  the  condyle,  is  attached  the  tendon  of 
the  long  head  of  the  biceps,  which  here,  as  on  the  right  side, 
seems  to  be  the  only  part  of  that  muscle  present. 

The  radius  is  ankylosed  to  the  humerus  at  an  angle  of  about 
150°. 

The  hands,  when  the  arms  hang  by  the  sides,  lie  so  that  the 
palms  touch  the  side  of  the  upper  part  of  the  thigh. 

There  is  no  deformity  of  the  lower  extremities. 

BeTnarka : — Congenital  absence  of  the  ulna  seems  to  be  an 
exceedingly  rare  condition.  Forster,  in  his  work,  MissbUdvmgen 
d.  Menschen,  does  not  mention  it,  though  he  states  that  of  the 
bones  of  the  upper  extremity  the  scapula  clavicles,  and  more 
often  the  radius,  have  been  found  absent. 

Mr  Hutchinson,  writing  in  the  Archives  of  Surgery,  so 
recently  as  April  1892,  on  "  Cases  of  Congenital  Absence  of  the 
Radius,"  states,  *'  It  is  remarkable  that  omission  of  the  ulna  and 
its  associated  digits  does  not  occur.     (I  know  of  no  example.)" 

I  have  only  been  able  to  find  three  cases  recorded,  and  I  may 
perhaps  give  a  short  note  of  them. 

One  by  GoUer,  in  1698  (quoted  by  A.  Schnelle  in  an  In- 
augural Diseertation,  published  at  Gottingen,  1876),  but  whose 
original  paper  I  have  not  been  able  to  see.  According  to 
Schnelle,  Goller  described  a  seven  months  foetus,  in  which 
both  ulnae  with  four  fingers  were  absent,  only  the  radii  and 
thumbs  being  present,  and  in  the  lower  extremities,  only  the 
tibiale  and  great  toes  were  present. 

A  second  case,  recorded  by  Senftleben  in  Virchow*8  Archiv, 
voL  xlv. : — 
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The  patient  was  a  recruit,  set.  21,  in  whose  left  ulna  there  was  a 
defect,  occupying  the  middle  third  of  the  bone,  and  measuring  2^  in., 
and  at  which  point  only  a  ligamentous  string  was  to  be  felt.  The 
movements  at  the  elbow  joint,  in  spite  of  a  complete  congenital  dislo- 
cation of  the  head  of  the  radius  outwards,  were  stated  to  be  nearly 
perfect,  the  hand  and  wrist  normal. 

A  third  case,  reported  by  Roberts  in  the  Transactions  of  the 
Pathological  Society  of  Philadelphia^  vol.  xiii. : — 

A  man  set.  73,  6  ft.  4  in.  in  height,  whose  right  ulna  was  absent, 
along  with  the  third,  fourth,  and  fifth  digits,  and  their  metacarpal 
bones ;  the  pisiform,  cuneiform,  and  unciform  bones  were  absent  from 
the  wrist.  There  was  limited  movement  in  all  directions  between 
the  radius  and  humerus,  but  neither  complete  flexion  nor  extension. 
On  the  left  side  the  ulna  was  present,  but  the  third  and  fourth  digits 
with  the  third  metacarpal  bone  were  wanting.  *'  The  patient's  grand- 
father (maternal)  had  one  index  finger  stiff,  and  two  (maternal) 
uncles  hod  each  a  stiff  little  finger.  One  sister  had  a  hand  deformed 
like  his,  but  she  had  a  perfect  child.  Another  sister's  child  had  a 
hand  deformed  like  his  right  hand."  The  patient  had  seven  children, 
three  of  whom  *^  had  malformations  similar  to  his  **  (but  the  reporter 
does  not  describe  these). 

In  Goller's  and  Roberts'  cases,  the  digits  wanting  were  those 
of  the  ulnar  side  of  the  hand.  It  is  curious  that  in  the  case  of 
M.  B.,  though  the  fourth  and  fifth  digits  of  the  left  hand  are 
wanting,  the  thumb  is  so  rudimentary,  and  that  in  the  right 
hand  the  thumb  as  well  as  the  fourth  finger  is  absent ;  in  fact, 
there  is  no  similarity  at  all  between  the  digits  attached  to  the 
two  hands. 

It  is  difficult  to  know  whether  these  cases  should  be  looked 
on  as  reversions  or  cases  of  arrest  of  development.  Although  in 
almost  all  the  Mammalia  the  radius  is  the  more  important  of  the 
two  bones  of  the  forearm,  I  incline  to  the  idea  that  they  are  due 
to  arrest  of  development.  The  patient  whose  case  has  been 
described  was  shown  before  the  Glasgow  Medico-Chirurgical 
Society  on  2nd  December  1892,  when  a  Committee  consisting 
of  Mr  Henry  R  Clark,  Mr  John  Barlow,  and  Dr  T.  H.  Bryce 
were  appointed  to  consider  the  case,  and  the  following  is  the 
report  which  they  drew  up : — 

We,  the  committee  appointed  by  the  Medico-Chirurgical  Society 
on  December  2nd  to  consider  the  case  of  "  congenital  absence  of  the 
ulna,"  submitted  by  Dr  Pringle  on  that  evening,  and  to  report  thereon. 
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beg  to  report  that  we  have  examined  the  patient^  and  that  while 
agreeing  generally  with  Dr  Pringle  in  his  description  of  the  con- 
dition, we  have  some  doubt  as  to  the  following  points : — 

1st.  Whether  the  rudimentary  digit  on  the  radial  side  of  the  right 

hand  is  not  the  thumb. 
2nd.  Whether  the  fully  developed  digit  on  the  left  hand  is  not  the 

middle  finger. 
3rd.  Whether  the  projection  on  the  ulnar  side  of  the  wrist  on  botii 
arms  is  not  the  lower  end  of  the  ulna  firmly  fused  with  the 
radius. 

(Signed)        Henbt  K  Clark. 
John  Barlow. 
Thomas  H.  Brycb. 


NOTES  ON  THE  ACROMION.     By  Professor  Alexander 
Macalisteb,  MJ).,  r.R.S.    (Plates  XIV.,  XV.) 

(Read  to  the  Anatomical  Society,  2l8t  November  1892.) 

The  acromion  is  one  of  the  first  of  the  bony  landmarks  of  the 

body  learned  by  the  student,  who  is  usually  taught  concerning 

it  that  it  forms  the  summit  of  the  shoulder.     If  by  summit  is 

meant  the  highest  point,  this  is  not  the  case  in  more  than  50 

per  cent,  of  shoulders,  in  which  the  acromial  end  of  the  clavicle 

rises  to  a  higher  level ;  so  that  the  acromion  makes  an  outer 

ledge  of  the  prominence  of  the  shoulder,  overtopped  by  the 

clavicle  above,  and  outreached  by  the  greater  tuberosity  of  the 

humerus  externally. 

The  acromion  is  one  of  the  most  variable  portions  of  the 
scapula  Out  of  100  scapulae  taken  at  random  this  process  was 
narrowly  falcate  in  7,  trigonal  in  26,  quadrate  in  25,  and  of 
some  intermediate  shape  in  the  remainder. 

This  variation  in  shape  depends  on  the  relative  development 
of  the  several  parte  of  ite  periphery  and  their  consequent 
relations  to  each  other.  We  may  divide  the  margin  of  the 
process  into  the  following  parts : — 

1.  The  clavicvla/r facet.  This  is  usually  placed  on  the  antero- 
intemal  margin ;  itis  surface  is  commonly  elliptic-ovate,  seldom 
distinctly  oval,  still  more  rarely  (1  per  cent.)  circular.  Its  lower 
margin  is  sharp,  its  upper  edge  is  often  raised  into  a  rough  ridge, 
which  is  the  highest  part  of  the  acromion:  its  surffiM^  in  75  out 
of  100  was  placed  obliquely,  looking  upwards  and  inwards,  to 
correspond  with  the  obliquity  of  the  extremity  of  the  clavicle, 
which  is  usually  on  a  higher  level. 

2.  In  front  and  external  to  this  facet  is  the  preclavictdar 
Tfia/rgin,  which  is  short  and  usually  sharp-edged  below  to  give 
attachment  to  the  coraco-acromial  ligament,  but  rounder  and 
more  tuberculated  above  for  the  attachment  of  the  foremost 
fleshy  fibres  of  the  acromial  deltoid.  This  margin  ends  in  the 
anterior  tubercle,  the  foremost  portion  of  the  procesa 
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3.  This  tubercle  is  usually  iaclined  a  little  downwards,  and 
gives  attachment  to  the  anterior  tendinous  origin  of  the  acromial 
deltoid ;  from  it  (4)  the  outer  or  deltoid  margin  is  continued 
backwards.  This  border  is  convex,  and  presents  a  row  of 
tubercles  along  its  upper  edge,  with  intervening  depressions. 
To  these  the  tendinous  slips  of  the  deltoid  are  attached,  while 
to  the  more  uniform  under  edge  the  continuous  tendon  of  this 
surfSeice  of  the  deltoid,  together  with  the  fibres  continued  out- 
wards from  the  coraco-acromial  ligament,  are  attached.  The 
curve  of  this  border  and  the  sizes  of  the  tubercles  vary.  There 
are  generally  three  tubercles  between  the  anterior  tubercle  and 
the  metacromion  corresponding  to  the  three  intermediate 
tendons  of  origin  of  the  acromial  deltoid. 

5.  The  metacromion  is  the  hindmost  tubercle  on  this  process, 
and  projects  in  general  as  an  angular  outgrowth  of  the  acromion 
on  a  plane  well  behind  the  glenoid  cavity,  as  well  as  external  to 
it,  consequently  it  generally  projects  quite  clear  of  the  cavity, 
very  rarely  overhanging  it.  That  is  to  say,  a  perpendicular  let 
fall  from  any  point  of  the  metacromion  will  not  touch  the 
glenoid  cavity. 

This  may  be  taken  as  the  hinder  limit  of  the  acromion.  The 
margin  behind  the  metacromion  is  continuous  with  the  lower 
edge  of  the  scapular  spine,  and  chiefly  varies  in  the  degree  of 
approximation  of  the  two  sharp  edges  which  give  attachment 
to  the  two  tendinous  planes  of  the  corresponding  portion  of  the 
scapular  deltoid,  the  space  between  them  being  the  measure  of 
the  thickness  of  the  intervening  lamella  of  muscle.  The  point 
of  convergence  of  these  two  planes  is  usually  beneath  the  met- 
acromion. 

The  upper  edge  of  the  scapular  spine  is  continued  on  into  the 
post-articular  upper  edge  of  the  acromion.  There  are  on  this 
part  of  the  spine  two  similar  ridges  which  include  between  them 
the  area  of  insertion  of  the  trapezius  The  deeper  of  these 
divides  into  two  at  a  point  a  little  more  than  a  centimetre  behind 
the  articular  facet ;  to  the  upper  division  line  the  edge  of  the 
trapezius  is  attached,  to  the  lower  the  continuation  of  the 
supraspinous  fascia.  Between  the  two  lines  is  an  irregular  area 
partly  occupied  by  ligament,  partly  by  soft  areolar  tissue. 

The  relative  positions  of  these  several  parts  vary  within  wide 
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liinit&  The  Iod^  axis  of  the  clavicular  facet  forms  an  angle 
with  the  axis  of  the  scapular  spine,  which  ranges  from  122''  to 
156"".  The  angle  formed  by  the  preclavicular  margin  with  the 
clavicular  facet  varies  from  92""  to  142°.  The  former  angle  we 
may  call  retroclavicvlar  acromial  angle,  the  latter  the  pre- 
clavicular.  The  prominence  of  the  metacromion  may  likewise 
be  measured  by  the  angle  between  the  hinder  part  of  the  outer 
maigin,  and  the  posterior  edge  continuous  with  the  scapular 
spine.  In  the  example  of  most  prominent  metacromion  this 
angle  was  89° ;  in  the  case  of  least  prominence  it  was  139°. 

We  have  now  a  means  of  characterising  the  leading  types  of 
the  process.  When  the  metacromial  angle  approximates  to  a 
right  angle,  and  the  preclavicular  angle  is  also  low,  the 
acromion  is  quadrate.  When  a  similar  low  metacromial  angle 
coexists  with  a  high  preclavicular  angle,  the  acromion  is 
trigonal.  If  both  angles  are  large,  the  acromion  is  fedcate ; 
with  intermediate  conditions  the  acromion  is  rounded  or 
spatulate. 

The  commonest  shape  of  the  acromion  in  the  Anthropoids  is 
the  trigonal,  with  a  prominent  metacromion  and  a  short  pre- 
clavicular edge.  This  condition  I  have  also  found  in  six 
Australians,  in  four  Negroes,  four  Bushmen,  and  in  two  Lapp 
Bcapulse.  In  European  scapulae  this  trigonal  form  was  found  in 
twenty-six,  mostly  females.  The  quadrate  form  was  for  the 
most  part  confined  to  what  were,  for  their  size  and  muscular 
impressions,  presumably  male  scapulae.  The  metacromion  w&s 
inconspicuous  as  a  prominence  in  38  per  cent  of  European 
scapulae. 

The  obliquity  of  the  acromion  is  also  a  variable  feature,  and 
this  produces  a  certain  discrepancy  in  the  description  of  the 
bone  in  our  standard  books.  Thus  Quain  describes  it  as  "  com- 
pressed from  above  downwards,"  and  Gray  as  "  flattened  from 
behind  forwards."  Both  are  really  right  in  degree,  and  in  some 
scapulae  the  downward,  in  other  the  coronal,  flattening  becomes 
the  marked  feature.  The  concavity  of  the  lower  surface  is  a 
portion  of  the  surface  of  a  nearly  spherical  figure,  which  usually 
bears  a  definite  proportion  to  the  diameter  of  the  epiphysary 
end  of  the  humerus  and  its  surrounding  mass  of  ligaments  and 
tendons  which  rotate  beneath  the  acromion.     The  relation  of 
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this  surface  to  the  vertical  axis  of  the  glenoid  cavity  can  vaiy 
within  wide  limits. 

If  the  inferior  pole  of  the  glenoid  cavity  be  taken  as  a  fixed 
point,  the  distance  from  this  to  the  metacromion  varies  from 
35  to  60  mm.,  and  from  this  to  the  anterior  tubercle  ranges  bom 
43  to  65  mm.  The  width  of  the  acromion  from  metacromion  to 
anterior  tubercle  varies  from  28  to  54  mm.,  and  the  angle  which 
this  line  of  width  forms  with  the  gleno-metacromial  line  varies 
from  76°  to  91°. 

When  the  long  axis  of  the  glenoid  cavity  is  placed  vertically 
(an  unnatural  position),  the  horizontal  plane  of  the  metacromion 
will  be  seen  usually  to  cut  the  cavity  across  somewhere  in  its 
upper  third,  but  I  have  instances  in  which  the  plane  passes 
clearly  above  the  cavity,  and  in  others  it  cuts  it  below  its 
middle.  I  cannot  find,  however,  that  the  indexes  representing 
these  conditions  have  any  value,  and  after  much  troublesome 
measurement  and  calculation  I  have  not  reached  any  results 
which  warrant  my  publishing  them. 

The  development  of  the  acromion  process  is  also  a  matter  of 
variety,  and  consequently  its  method  has  been  differently  stated 
by  the  different  observers  who  have  given  original  descriptions. 
The  basis,  as  far  as  the  hinder  border  of  the  metacromion,  is 
ossified  from  the  body  centre  as  an  outgrowth  of  the  spine.  At 
two  years  the  acromion  generally  has  assumed  a  definite  shape 
in  its  cartilaginous  condition.  Out  of  fifteen  scapulae  of 
children  between  two  and  four  years  of  age,  four  were  decidedly 
quadrate,  one  was  falcate,  the  others  trigonal  or  intermediate. 
In  all  the  metacromion  is  larger,  and  projects  proportionally 
more  than  in  the  adult,  so  that  the  amount  of  trigonality  would 
have  probably  diminished  with  increased  age. 

Ossification  had  not  begun  in  the  cartilaginous  area  of  one 
scapula  of  fourteen,  but  in  one  of  sixteen  it  has  made  consider- 
able progress.  Up  to  fourteen  years  all  has  ossified  as  far  as  a 
line  drawn  on  the  upper  surface  of  the  acromion  from  the  hinder 
border  of  the  articular  facet  to  the  front  of  the  metacromion. 
The  first  trace  I  have  found  consists  of  a  number  of  bony  points 
on  the  surface  of  the  cartilage  from  the  metacromion  forward  to 
the  middle  of  the  deltoid  edge.  These  rapidly  coalesce  into  a 
bony  strip,  narrow  behind,   wider  in  front,  corresponding  to 
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Ufielmaim's  osteo-epiphysis  posterior.  Almost  simultaneously 
there  appears  a  middle  portion,  consisting  at  first  of  a  number 
of  nuclei.  Those  ossifying  points  which  lie  along  the  outer 
margin  of  this  area  coalesce  and  form  the  most  of  the  remainder 
of  the  outer  edge.  The  ossification  of  this  part  extends  gradually 
inwards,  the  clavicular-faoet  portion  of  it  being  the  last  to 
develop.  Anteriorly  a  single  large  nucleus  forms,  from  which 
the  anterior  tubercle  is  ossified. 

All  these  nuclei  are  more  extensive  on  the  upper  than  on  the 
lower  surface  of  the  acromion,  the  portion  of  the  process  formed 
by  them  on  the  lower  surface  being  that  bounded  by  a  line 
drawn  from  the  middle  of  the  clavicular  facet  to  the  metacromion. 
I  have  counted  in  all  five  large  and  eight  small  nuclei  in  the 
scapula  of  a  boy  of  seventeen.  These  have  coalesced  in  a  boy  of 
eighteen  into  three  large  and  four  small  centres. 

It  is  extremely  probable  that  the  number  of  these  ectosteally 
ossifying  nuclei  is  irregular;  but  in  all  cases  which  I  have 
examined  of  acromia  under  eighteen  there  are  three  sets  of 
these  which  fuse  into  three  independent  parts, — the  inetacromial 
epiphysis,  very  slender;  the  meaacromicd,  which  is  always  the 
most  complex  in  formation ;  and  the  preacromiaL 

The  order  of  ossification  is  also  variable.  In  six  cases  the 
metacromial  strip  had  united  to  the  base  while  yet  the  others 
were  detached.  In  all  the  apical  preacromial  portion  had  united 
with  the  mesacromial  before  the  final  consolidation  of  the  latter 
with  the  spine.  I  have  only  twice  seen  the  metacromial  joined 
to  the  mesacromial  before  consolidation  had  begua  I  have 
never  found  a  central  ossification  in  the  cartilage  like  that  figured 
by  Quain  or  Gray.  I  can,  however,  believe  that  such  may  occur, 
but  it  must  be  the  exception,  not  the  rule,  as  in  the  twenty 
scapulae  which  I  have  seen  in  this  stage  of  growth,  I  have 
detected  no  trace  of  this  condition. 

The  condition  of  the  persistently  separate  os  acromiale  which 
I  have  found  in  fifteen  out  of  a  hundred  scapulae  taken  at  random 
is  due  to  the  consolidation  of  the  preacromial  and  mesacromial 
centres,  and  the  persistence  of  their  separation  from  the  base 
of  the  spine  and  from  the  metacromial  centre  which  always 
consolidates  with  the  base.  This  is  probably  too  high  a  degree 
of  frequency  of  occurrence,  as  many  of  the  specimens   were 
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museum  specimens, — among  which  cases  of  such  an  anomaly 
were  naturally  numerous  Out  of  the  forty-five  instances  of 
this  condition  which  I  have  examined  I  have  never  found  the 
metacromial  element  attached  to  the  ossicle.  It  is  very  rare 
to  find  the  partition  of  the  preacromial  and  mesacromial  centres 
except  in  young  bones.  I  have  seen  it  once,  but  this  was,  I 
believe,  only  a  transitory  condition. 

In  the  cases  where  the  real  os  acromiale  persists  as  a  permanent 
condition,  its  union  has  ceased  to  be  a  true  synchondrosis,  and 
the  uniting  material  is  generally  fibro-cartilage.  I  have  once 
seen  a  true  synovial  joint  with  a  surrounding  capsule,  but  I  have 
at  least  five  times  found  a  cavity  in  the  uniting  medium  com- 
parable, as  far  as  the  histological  structure  of  its  wall  is  con- 
cerned, with  that  in  the  sacro-iliac  joint. 

The  order  of  ossification  I  believe  to  be  normally — 

1.  Many  bony  nuclei,  forming  about  the  15th  year. 

2.  Consolidation  of   these    into    three  marginal  centres, 

about  17. 

3.  Extension  of  the  mesacromial  centre  inwards  towards 

the  clavicle,  between  17  and  18. 

4.  Consolidation  of  the  metacromial  centre  with  the  basis, 

and  of  the  preacromial  and  mesacromial  with  each 
other,  about  18. 

5.  Consolidation  of  this  element  with  the  spine. 

This  description  of  the  development  of  this  process  will  be 
found  to  differ  in  many  respects  from  the  accounts  of  the  ossi- 
fication of  the  process  given  by  different  authors.  A  good 
account  of  observations  on  this  process  is  that  given  by 
Uffelmann,  ATtatomisch-Chirv/rgisch  Stvdien,  Hameln,  1865. 

In  the  above  description  I  have  spoken  of  the  metacromioQ 
as  if  it  were  a  point.  In  reality  it  is  usually  an  area  of  some 
extent  along  the  hinder  edge  of  the  spine  &om  the  metacromial 
angle,  and  is  not  uncommonly  limited  towards  the  spine  by  a 
tubercle,  which  may  be  called  the  post-metacromial  tubercle. 
In  all  cases  it  has  been  only  the  aspect  of  the  metacromial  angle 
towards  the  outer  side  that  has  originated  from  the  met- 
acromial epiphysis,  which  here  diminishes  to  a  superficial  crust, 
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and  never  extends  on  the  hinder  aspect  of  the  process,  which 
ijivariably  is  ossified  along  with  the  basis  scapula. 


EXPLANATION  OF  PLATES  XIV.,  XV. 
Platb  XIV. — TrPBs  op  Acromion  Pbocsssbb. 

Fig.  1.  Quadrate  tjpe,  with  a  postarticular  concavity. 

Fig.  2.  Variety  of  the  quadrate  type  in  which  the  clavicular  hoet 
is  in  the  same  plane  as  the  postarticular  margin. 

Fig.  3.  Trigonal  acromion  with  prominent  metacromion,  from  an 
Australian  scapula. 

Fig.  4.  Falcate  acromion. 

Fig.  5.  Trigonal  acromion  with  prominent  metacromion  and  rounded 
preacromial  tubercle. 

Fig.  6.  Typical  quadrate  acromion. 

Plate  XV. 
OssincATioN  OF  Acromion. 

Fig.  1.  Acromion  at  4  years:  c,  cartilaginous  portion. 

Fig.  2.  Acromion  at  14  years,  the  cartilaginous  part  diminished 
by  the  extension  of  ossification  from  the  basis. 

Fig.  3.  Acromion  at  17  years,  many  ectosteal  centres  of  ossificar 
tion  :  c,  the  portion  which  is  still  cartilaginous. 

Fig.  4.  Acromion  at  18  years,  with  marginal  ossification  of  pre- 
acromial, mesacromial,  and  metacromial  parts.  The  portion  marked  c 
still  cartilaginous. 

Fig.  5.  Acromion  at  18  years,  showing  different  condition  of  same 
parts. 

Fig.  6.  Acromion  at  19  years  :  preacromial,  mesacromial,  and  met- 
acromial elements  united  into  one  ossicle. 

Fig.  7.  Acromion  at  19  years. 

Fig.  8.  Os  acromiale  of  preacromial  and  mesacromial  elements. 


THE  FIRST  COSTO-VERTEBRAL  JOINT.     By  Professor 
Alexander  Macalister,  M.D.,  F.R.S.    (Plate  XVI.) 

In  modem  text-books  there  is  a  tendency  to  describe  the  liga- 
ments of  the  costo- vertebral  joints  as  if  they  were  grouped  in  a 
certain  arbitrary  category,  and,  in  consequence,  the  descriptions 
are  usually  meagre  and  diagrammatia  This  may  be  in  the 
interest  of  the  student,  but  it  is  misleading  from  a  scientific 
point  of  view.  Every  costo-vertebral  joint  has  its  own  special 
mechanical  characteristics,  and  these  are  remarkably  constant 
even  in  thoraces  of  very  different  proportions. 

As  an  introduction  to  a  future  detailed  description  of  these,  I 
desire  to  call  attention  to  some  points  in  the  anatomy  of  the  fiist 
vertebro-costal  joint,  which,  although  for  the  most  part  already 
described  by  earlier  anatomists,  yet  have  dropped  out  of  some 
modem  descriptions. 

In  recent  editions  of  Qitam's  Anatomy,ihe  name  costo-central 
is  used  to  characterise  the  joint  between  the  head  of  the  rib  and 
the  base  of  the  pedicle  of  the  vertebra.  In  colloquial  descriptions 
one  often  speaks  of  the  costal  facet  as  on  the  body  of  the  vertebra, 
but  when  one  uses  the  name  eentruTri,  it  implies  greater  pre- 
cision in  defining  the  part  of  the  vertebra,  and  the  name  conveys 
an  erroneous  meaning,  as  the  articulation  in  Man  preserves  its 
morphological  character  of  being  on  the  dorsal  side  of  theneuro- 
central  suture.  If  we  must  depart  from  the  old  time-honoured 
names,  "  costo-vertebral "  and  "  costo-transverse,"  it  would  be 
better  to  call  them  both  "  costo-vertebral  "  joints,  and  speak  of 
them  respectively  as  "  capitular  '*  and  "  tubercular." 

I.  For  the  first  rib-joint  there  is  ventrally  an  anterior  costo- 
vertebral or  stellate  ligament,  imperfectly  separate,  as  are  all 
the  stellate  ligaments,  from  the  front  of  the  capsule.  The 
strongest  slip  of  this  is  the  band  attached  to  the  base  of  the 
costal  process  of  the  seventh  cervical  vertebra.  This  extends 
at  its  insertion  for  some  distance  along  the  upper  edge  of  the 
neck  of  the  rib.     As  the  axis  of  rotation  of  the  first  rib  passes 
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directly  behind  its  afctachmenb,  it  limits  the  downward  and 
forward  motion  of  the  rib,^  being  made  tense  by  this  motion. 
Although  not  really  separable  from  the  capsule,  this  band 
appears  as  a  prominent  accessory  fascicle  which  can  be  dissected 
off  the  face  of  that  ligament. 

The  upper  fibres  of  the  capsule  behind  this  band  run  horizon- 
tally from  the  root  of  the  pedicle  to  the  upper  surface  of  the  neck, 
and  there  is  usually  a  posterior  fascicle  of  the  capsule  distinct 
from  the  rest,  which  ascends  inwards  to  the  back  of  the  body  of  the 
seventh  cervical  vertebra.  This  is  Luschka's  ligamentv/m  coUi 
costcB  jugale.  That  anatomist  was  quite  correct  in  pointing  out 
thatwhile  this  band  in  its  position  resembles  Mayer's  ligavaefnJtv/m 
conjugale  castamm,  yet  is  essentially  different  from  it  in  nature. 
The  real  conjugal  ligament  is  connected  with  the  intervertebral 
substance ;  and  my  observations  confirm  those  of  Mr  Bland 
Sutton,  that  it  is  in  Man  closely  connected  with,' and  usually  in- 
separable from,  the  interarticular  ligament. 

Out  of  fifty  first  costo-vertebral  joints  examined  during  this 
term  for  the  purpose,  I  have  not  found  any  instance  of  a  true 
articular  surface  on  the  seventh  cervical  vertebra  for  the  head 
of  the  first  rib.  I  have  seen  the  condition,  but  I  believe  it 
to  be  one  of  very  rare  occurrence. 

The  relative  strengths  of  the  upper  and  lower  fascicles  of  the 
stellate  ligament  are  correlated  to  the  amounts  of  the  excursion 
of  the  upper  and  lower  borders  of  the  first  rib  respectively  in 
respiratory  movements.  In  the  lower  ribs^  the  axis  of  motion 
passes  through  the  interosseous  ligament,  and  is  at  an  inter- 
mediate level  between  the  two  borders.  In  the  first  rib  the  axis 
passes  through  the  dorsal  border  of  the  preaxial  edge  of  the  head, 
hence  the  lower  border  moves  through  a  greater  space.  It  is 
this  upper  band  which  determines  these  relative  degrees  of 
mobility.  The  whole  front  of  the  head  moves  upwards  and 
forwards  in  extreme  inspiration. 

The  capsule  is  also  distinct  below  the  neck  of  the  rib ;  the 
rough  area  which  is  usually  present  around  the  costal  capitular 
&cet  on  the  vertebra  is  for  the  attachment  of  this  ligament. 

IL  On  carefully  raising  the  upper  part  of  the  capsule,  and 
dividing  the  whole  anterior  costo-vertebral  ligament,  it  is  easy  to 
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show  a  thin,  somewhat  felted,  layer  of  fibres  passing  from  the 
intervertebral  disc  to  the  upper  edge  of  the  head  of  the  rib. 
This  lies  directly  over  the  articular  cavity,  and  is  separated  from 
the  overlying  capsular  ligament  by  a  looser  plane  of  areolar 
tissue.  This  represents  the  interosseous  costo-vertebral  ligar 
ment  usually  described  as  non-existent  for  this  joint. 

IIL  The  superior  costo-transverse  ligament,  also  described  as 
absent,  is  always  present,  but  weak.  It  arises  from  the  under 
side  of  the  process  which  I  have  described  elsewhere  as  the 
costo-transverse  lamella  of  the  seventh  cervical  vertebra,  and  is 
attached  below  to  the  upper  and  back  part  of  the  costal  tubercle. 
Although  in  direction  it  runs  downwards  and  a  little  outwards, 
yet  it  has  the  same  relation  to  the  posterior  branch  of  the  spinal 
nerve,  as  the  corresponding  ligaments  in  the  lower  costo-vertebral 
joints.  It  is  in  series  with  the  hinder  of  the  two  lamellae  of  this 
ligament  of  the  other  rib-joints,  and  the  levator  costae  is  quite 
distinct  from  it.  At  first  I  was  doubtful  whether  it  represented 
the  true  superior  costo-transverse  ligament,  or  the  ligamentum 
tuberculi  costce  auperiua  of  Henle,  but  its  close  relation  to 
the  muscle  and  nerve  mark  it  out  as  truly  representing  the 
former. 

IV.  The  ligamentv/m  coUi  costce  (middle  costo-transverse 
ligament)  is  double,  as  it  is  for  the  four  or  five  joints  below ; 
the  inferior  lamella  described  by  Arnold  being  distinct  and 
radiating,  though  thin.  It  is  usually  in  two  slips,  an  inner 
passing  more  directly  forwards,  and  an  outer  passing  obliquely 
outwards.  These  are  separated  by  the  usual  vascular  areolar 
tissue  and  fat  from  the  stronger  superior  lamella.  There  is  a 
smooth  area  between  the  attachments  of  these  lamellaa  on  the 
back  of  the  neck  of  the  rib  and  a  similar  but  rougher  area 
on  the  front  of  the  transverse  process. 

V.  The  posterior  costo-transverse  ligament  is  fairly  strong, 
and  consists  of  short  fibres  inseparable  from  the  costo-transverse 
capsule. 

A  retro-costal  anastomosis  admitting  of  injection  usually 
passes  between  the  ligamentum  colli  and  the  capsule  of  the 
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pitular  joint,  homologous  serially  with  the  second  stage  of 
the  vertebral  artery  in  the  cervical  vertebrae  above. 

There  is  some  obscurity  in  the  text-books  in  relation  to  the 
first  levator  costse  muscle.  The  first  rib  is  de^scribcd  as  being 
furnished  with  such  a  muscle,  but  the  scalenus  medius  is  also 
described  as  having '  an  origin  from  the  seventh  cervical 
transverse  process.  These  are  in  reality  the  same  structure, 
and  if  a  separate  levator  costae  be  described  as  arising  from 
the  seventh  cervical  transverse  process  for  the  first  rib,  then 
the  scalenus  should  be  regarded  as  termioating  at  its  sixth 
cervical  origin.  When  these  are  separated,  it  will  be  found 
that  most  of  the  area  usually  marked  on  the  first  rib  as  that 
for  the  costal  attachment  of  the  scalenus  is  really  occupied 
by  the  levator  costse,  and  the  scalenus  insertion,  if  this  separa- 
tion is  to  be  admitted,  should  be  restricted  to  the  marginal 
ridge  and  the  area  around  the  attachment  of  the  levator  costae. 
The  separation  can  be  made,  but  is  always  more  or  less  artificial, 
and  it  would  probably  be  more  natural  to  regard  the  whole 
muscle  as  scalenus  medius,  and  to  consider  a  separate  levator 
cost®  for  the  first  rib  as  non-existent. 

In  one  of  my  specimens  there  is  a  cervical  rib  on  the  right 
side,  united  to  its  vertebra  by  a  weak  capitular  and  a  stronger 
tubercular  capsule.  This  rib  has  no  superior  costo-transverse 
ligament,  and  its  ligamentum  colli  is  single.  A  down-going 
retnvcostal  anastomosis  passed  between  its  neck  and  the  trans- 
verse process  of  the  seventh  cervical  vertebra.  This  rib  is 
38  mm.  long,  and  ends  in  a  fibrous  cord  which  is  continued 
forwards  to  end  in  a  small  costal  cartilage  25  mm.  long  attached 
to  the  sternum,  between  the  stemo-clavicular  joint  and  the 
first  rib  cartilage. 

From  these  and  the  intervening  cord,  the  bilaminar  inter- 
costal muscle  of  this  supernumerary  space  arises.  The  scalenus 
anticus  passes  under  this  muscle  to  its  normal  attachment  to 
the  first  thoracic  rib ;  and  the  subclavian  artery,  and  the  lowest 
branch  of  the  cervical  plexus  rose  over  the  cord.  A  small  inter- 
costal filament  of  the  eighth  cervical  nerve  passed  beneath,  and 
ended  in  this  intercostal  muscle. 

[Explanation 
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EXPLANATION  OF  PLATE  XVL 
The  Fibst  Costo-Vebtsbral  Joint. 

Fig.  1.  First  tboracic  vertebra,  with  the  rib  removed  on  the  right 
Bide.  The  articular  surfaces,  capsules,  interarticular  ligament^  and 
the  two  planes  of  the  ligamentum  colli  costaa  are  shown. 

Fig.  2.  Dorsal  surface  of  the  first  rib,  showing  the  attachments  of 
the  same  structure. 

Fig.  3.  First  rib  of  left  side,  showing  the  superior  costo-traDSvene 
ligament  and  the  upper  slip  of  the  stellate  ligament. 

Fig.  4.  First  rib,  with  its  levator  costse  muscle,  and  a  small 
scalenus  pleuralis  overlying  the  suprapleural  fascia  (dome-like  fascia 
of  Sibson). 
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Anatomy  in  the  University  of  Dublin,    (Plates  XVIL> 

xvni) 

Part  L  Planes  op  Deumitatxon. 

Tiff  our  endeavours  to  obtain  a  rational  and  a  convenient  method 
of  subdividing  the  abdomen  into  regions,  it  is  essential  that  we 
should  keep  clearly  before  us  certain  elementaiy  points  in  the 
construction  of  the  abdominal  wall.     In  the  upper  part  of  the 
cavity  the  viscera  are  partially  protected  by  the  lower  costal 
arches,  and  in  its  lower  portion,  to  a  less  degree,  by  the  iliac 
bones,  whilst  between  these  regions  there  is  usually  a  narrow 
belt  of  abdominal  wall  which  receives  no  skeletal  support  beyond 
that  which  is  afforded  to  it  by  the  vertebral  column.    This 
fundamental  conception  of  the  construction  of  the  abdominal 
wall  forms  the  basis  upon  which  the  majority  of  anatomists  have 
proceeded  in  their  attempts  to  find  a  proper  method  of  sub- 
dividing the  cavity.    The  loose  and  unscientific  manner,  how- 
ever, in  which  this  idea  has  been  acted  upon  has  been  most 
ably  pointed  out  by  Professor  William  Anderson.^    The  scheme 
proposed  in  Quain's  Anatomy  alone  carries  out  the  idea  to  its 
logical  conclusion.     In  this  scheme  the   two  horizontal  lines 
which  are  employed  traverse  the  lowest  points  of  the  thoracic 
wall  and  the  highest  points  of  the  iliac  crests  respectively. 
These  lines  may  be  termed  the  subcostal  and  the  supra-Uiaxi 
lines.    Two  objections  may  be  raised  to  this  method  of  delimi- 
tation.    One  of  these  is  altogether  insuperable,  viz.,  that  in 

^  This  paper  gives  the  substance  of  a  report  which  was  submitted  to  the  com- 
mittee appointed  by  the  Anatomical  Society  to  consider  the  question  of  the 
delimitation  of  the  abdomen.  The  report  was  accompanied  by  models  of  the 
liver,  right  kidney,  and  second  part  of  the  duodenum,  which  had  been  con- 
structed with  the  view  of  illustrating  their  true  shapes,  and  also  their  topography 
within  the  abdominal  cavity. 

'  Journal  of  Anatomy  and  Physiology,  vol.  xzvi.  p.  548. 
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certain  cases  the  two  lines  actually  coincide,  so  that  an  umbilical 
or  intermediate  zone  does  not  exist.  The  second  objection  has 
been  referred  to  by  Professor  Anderson :  the  umbilicus,  which 
gives  its  name  to  the  intermediate  zone,  may  not  lie  altogether 
within  it. 

In  sixteen  subjects,  comprising  nine  of  males  and  seven  of 
females,  I  have  tested  the  relationship  which  exists  between 
the  subcostal  and  supra-iliac  lines.  In  two  (one  male  and  one 
female)  they  coincided,  whilst  in  the  others  the  distance 
separating  them  varied  from  half  an  inch  to  two  and  a  quarter 
inchea  In  the  nine  males  the  average  distance  was  one  inch  ; 
in  the  six  females  it  was  1*2  inches.  The  position  of  the 
umbilicus  with  reference  to  the  supra-iliac  line  varied  slightly. 
In  only  one  case  did  it  lie  altogether  above  the  lina  In  the 
others  the  line  grazed  its  upper  border,  or  its  lower  border,  or 
passed  through  its  midst. 

The  cause  of  this  variation  in  the  relationships  presented  by 
these  two  lines  is  not  far  to  seek.  The  supra-iliac  line  is  fairly 
constant  in  its  level.  The  variation  is  produced  by  a  rise  and 
fall  of  the  subcostal  line ;  in  other  words,  the  lateral  depth  of 
the  thoracic  wall  varies  considerably  in  different  subjects,  and 
in  males  there  is  reason  to  believe  that  it  is  relatively  deeper 
than  in  females. 

It  is  obvious,  therefore,  that  if  we  decide  upon  retaining  the 
three  regional  zones  of  the  abdomen  we  must  discard  one  or 
other  or  both  of  the  lines  proposed  in  Quain'a  AnaUmiy.  Pro- 
fessor Anderson  seems  inclined  to  abolish  the  intermediate  zone 
altogether,  and  to  employ  only  one  horizontal  plane  of  sub- 
division. This,  he  proposes,  should  pass  through  the  umbilicus. 
I  am  loath  to  adopt  this  mode  of  escaping  the  difficulty.  There 
is  a  very  great  convenience  in  the  old  method  of  subdivision : 
it  is  fundamentally  correct  in  principle ;  and  further,  it  has  sunk 
so  deeply  into  our  terminology,  and  taken  so  firm  a  hold  upon 
all  who  have  studied  anatomy,  that  it  would  be  exceedingly 
difficult  to  uproot.  Professor  Anderson  himself  is  keenly  alive 
to  these  objections  to  the  scheme,  and  does  little  more  than 
merely  hint  at  it.  I  believe  that  a  change  of  so  radical  a  kind 
would  for  many  years  give  rise  to  greater  confusion  than  that 
which  exists  at  present.     Let  us  rather  see  if  we  cannot  im- 
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prove  upoo  our  present  method,  and  bring  it  within  the  area  of 
accnracy  and  truth. 

Although  the  most  vAriable  in  regard  to  its  relative  level,  I 
am  of  opinion  that  we  should  retain  Quain's  subcostal  line. 
One  alteratioD  I  would  suggest,  however,  viz.,  that  this  plane 
should  pass  through  the  abdomen  at  the  level  of  the  most 
dependent  point  of  the  tenth  costal  arch,  i.e.,  the  lowest  of  the 
fixed  ribs, — the  eleventh  rib  being  a  floating  rib,  and  moreover 
80  variable  in  point  of  length  that  it  ia  well  to  discard  it 
altogether.      Further,  the  lowest  point  on  the  tenth  costal 


Fie.  1. — From  a  photograph  of  a  female  subject  in  the  erect  posture.  The  points 
between  which  the  mtertubBTcular  and  aubcostal  linea  are  drawn  are  well 
seen.  The  mid'Poupart  tines  were  ascertained  by  dropping  two  plumb.lines 
froin  a  height. 

arch  ie  always  easily  ascertained,  and  lies  in  front  of  the  lateml 
line  of  the  trunk,  which  is  a  distinct  advantage.  In  many  cases, 
indeed,  it  can  be  detected  by  the  eye. 


260  DB  D.  J.  CUNNINGHAM. 

The  subcostal  plane  so  fixed,  in  a  yoang  male  subject  six  feet 
in  height  (in  which  the  supra-iliac  plane  was  placed  2|  inches 
lower  down),  passed  through  the  upper  part  of  the  body  of  the 
third  lumbar  vertebra  (vide  tracing  4,  PL  XVIL). 

It  is  the  supra-iliac  plane  that  I  propose,  therefore,  that  we 
should  abandon.  At  the  same  time  I  am  not  prepared  to  adopt 
a  plane  passing  through  the  anterior  superior  spines  of  the  iliac 
bones.  This  would  throw  the  greater  part  of  the  iliac  fossa  on 
each  side  into  lumbar  region,  and  constitute  an  extremely  arti- 
ficial method  of  delimitation. 

Every  anatomist  is  familiar  with  a  prominent  tubercle  which 
juts  out  from  the  outer  lip  of  the  crest  of  the  ilium  about 
2  inches  behind  the  anterior  superior  spine.  It  constitutes  the 
upper  extremity  of  the  strong  bar  of  bone  which  extends 
upwards  in  the  ilium  from  the  upper  part  of  the  acetabulum, 
and  which  forms  the  convexity  of  the  concavo-convex  surface  of 
the  dorsum  iliL  As  a  prominence  it  is  usually  better  marked 
on  the  surface  of  the  body  than  the  anterior  superior  spine  of 
the  ilium,  from  the  fact  that  when  the  body  is  viewed  from  the 
front  it  is  the  point  on  the  iliac  crest  from  which  the  outline  of 
the  flank  starts.  It  is  therefore  placed  on  the  outer  aspect  of 
the  highest  part  of  the  iliac  crest  that  is  seen  from  the  front  in 
the  living  subject.  It  is  true  that  the  iliac  crest  rises  to  a 
higher  level  behind,  but  this  higher  point  is  not  seen  from  the 
front,  and  can  only  be  determined  with  exactitude  when  the 
subject  is  turned  on  its  side. 

I  would  suggest  that  this  conspicuous  tubercle  on  the  crest 
of  the  ilium  should  be  used  as  giving  us  the  level  at  which  we 
should  place  the  lower  plane  of  abdominal  subdivision.  By 
di'awing  a  line  between  two  points  situated  one  on  each  crest 
of  the  ilium  immediately  above  the  iliac  tubercle,  the  level  of 
the  plane  may  be  readily  obtained. 

But  there  is  abundance  of  proof  to  show  that  this  is  no  new 
suggestion.  It  is  merely  a  more  exact  mode  of  expressing 
what  other  anatomists  have  meant  all  along.  When  the  editors 
of  Qibain  speak  of  the  highest  point  of  the  crest  of  the  ilium, 
they  in  reality  mean  the  highest  point  as  seen  from  the  front, 
and  not  as  seen  from  behind ;  in  other  words,  the  level  which 
is  expressed  by  our  inter-tuberciUar  line.    In  evidence  of  this. 
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look  at  the  figure  which  they  give  to  illustrate  the  delimifcation 
of  the  abdomen.  Their  lower  line  passes  between  the  two  iliac 
tubercles  in  question,  the  two  points  at  which  the  outline  of  the 
tnirik  meets  the  crest  of  the  ilium.  The  loose  way  in  which 
aaatomists  have  described  this  line  has  also  led  to  the  confusion 
which  has  arisen  in  connection  with  the  position  of  the  umbilicus 
with  reference  to  the  lower  plane  of  abdominal  delimitation. 

The  inter-tubercular  line  is  an  exceedingly  convenient  one» 
not  only  on  account  of  the  ready  and  exact  manner  in  which  it 
can  be  applied  both  in  the  living  and  the  dead,  but  also  on 
account  of  its  affording  us  a  really  useful  plane  of  delimitation 
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Fro.  2. — Oatline  of  the  abdominal  cayity  aa  seen  in  mesial  section.    The  planes 

of  subdivision  are  indicated  by  dotted  lines. 

The  only  objection  to  it  is  that  it  cuts  off  and  transfers  to  the 
umbilical  zone  about  1^  inches  of  the  highest  part  of  the  iliac 
fossa.  It  traverses  the  vertebral  column  so  as  to  divide  the 
body  of  the  fifth  lumbar  vertebra  into  two  nearly  equal  parts. 
Behind,  it  emerges  from  the  body  of  this  vertebra  at  its  postero- 
inferior  margin  {vide  tracing  4,  PI.  XVIII.). 

Let  us  next  inquire  into  the  extent  of  the  regions  which  are 
thus  marked  out  by  the  subcostal  and  the  inter-tubercular  lines. 
Owing  to  the  varying  level  of  the  subcostal  plane  the  breadth 
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of  the  umbilical  zone  shows  considerable  differences  in  different 
subjects.  Seven  females  gave  an  average  breadth  of  2*7  inches ; 
nine  males  gave  exactly  the  same  results.  The  narrowest  area 
noticed  was  in  a  female  subject,  in  which  it  measured  1^  inches; 
the  broadest  zone  in  a  male  subject,  in  which  it  measured  4 
inches.  The  following  table  shows  the  breadth  of  the  umbilical 
zone  in  each  of  the  twelve  subjects  examined : — 

Breadth  of  the  zone  between  the  subcostal  and  inter-tubeircidar 
lines  in  sixteen  subjects : — 

Males.  Females. 

2    inches.  1^  inches. 

2        ))  2J      „ 

2±      „  3        „ 


>* 


H     „  3 

2J        n  3  99 

3        ,,  3J      „ 


4 


The  umbilicus  always  lies  within  this  zone,  and  presents  a 
fairly  constant  relation  to  the  inter-tubercular  line.  As  a  rule, 
it  lies  from  1^  to  1^  inches  above  it. 

In  the  same  sixteen  subjects,  I  have  also  ascertained  the 
depth  of  the  costal  and  hypogastric  zones,  as  measured  along 
the  middle  line  in  front  The  costal  zone,  measured  from  the 
lower  border  of  the  gladiolus  of  the  sternum  to  the  subcostal 
line,  gave  an  average  in  the  seven  females  of  six  inches ;  and  in 
the  nine  males  I  obtained  an  exactly  similar  average.  In  the  case 
of  the  hypogastric  zone,  measured  from  the  inter-tubercular  line 
to  the  pubis,  the  average  depth  was  again  precisely  the  same 
in  the  two  sexes,  viz.,  five  inches. 

The  three  zones,  therefore,  which  are  mapped  off  by  the  two 
horizontal  lines  in  question,  present  the  following  average 
depths : — 

Males.  Females. 

Costal  zone,        .         6     i aches.  6     inches. 

Umbilical  zone,  2'7     „  27      „ 

Hypogastric  zone,       5       ,i  5         „ 

It  is  a  curious  coincidence  that  in  the  two  sexes  the  average 
depth  of  each  zone  should  have  turned  out  in  the  sixteen  sub- 
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jects  examined  exactly  the  same.    It  muBt  be  remembered, 

however,  that  these  are  absolute  results,  and  that  if  we  take  into 

accoant  the  greater  height  of  the  males,  the  relative  depth  of 

the  abdomen  in  the  females  must  have  been  greater  than  in 

the  males.    How  &r  this  may  be  considered  to  be  the  rule  I  am 

not  at  the  present  moment  prepared  to  say,^  but  this  much  we  do 

know,  viz.,  that  the  lumbar  section  of  the  vertebral  column  in  the 

female  presents  a  greater  relative  length  than  the  corresponding 

part  of  the  colnmn  in  the  male,  whilst  the  doraal  region  is 

relatively  shorter.    Taking  the  entire  length  of  the  column  as 

IOO9  the  relative  length  of  the  dorsal  and  lumbar  sections  of  it 

in  the  female  are  45*8  and  32'8 ;  and  in  the  male,  46*5  and 

317.2 

We  have  referred  to  the  rise  and  &11  of  the  subcostal  line 
produced  by  variations  in  the  lateral  depth  of  the  thoracic  wall 
in  different  subjects.  It  may  be  well  to  state  here  definitely 
that  this  is  not  due  to  differences  in  the  level  at  which  the  ribs 
are  attached  to  the  vertebral  column.  The  absolute  length  of 
the  lumbar  section  of  the  vertebral  column,  even  in  individuals 
of  different  heights,  is  very  constant.  In  six  males  I  found  the 
average  to  be  7  inches,  and  only  two  of  the  spines  vaiied  from 
this  average — one  to  the  extent  of  i  of  an  inch,  and  the  other 
to  the  extent  of  \  of  an  inch.  In  female  spines  the  same 
constancy  in  the  lumbar  section  of  the  column  is  observed. 
The  average  absolute  length  in  six  spines  was  6^  inches,  and 
the  variations  from  this  did  not  exceed  half  an  inch.^ 

It  is  dear,  therefore,  that  the  rise  and  fall  of  the  subcostal 
line  in  different  individuals  is  brought  about  by  differences  in 
the  slope  and  in  the  length  of  the  ribs.  In  the  females  it  did 
not  appear  that  tight-lacing  materially  affected  the  position  of 
the  subcostal  line. 

So  &r  as  the  vertical  lines  of  subdivision  are  concerned,  I 

1  In  coDoection  with  this  point,  we  should  not  lose  sight  of  the  fact  that  there 
is  reason  to  believe  that  the  sternum  of  the  female  is  relatively  shorter  than  that 
of  the  male. 

*  '*  Cunningham  Memoir,"  JRayal  Irish  Academy ,  Ko.  2,  p.  80. 

.'  These  measurements  were  made  on  tracings  obtained  from  frozen  spines, 
divided  in  the  mesial  plane.  The  lumbar  part  of  the  column  in  each  case  was 
measured  in  a  straight  line  from  the  antero-superior  comer  of  the  first  lumbar 
vertebra  to  the  antero-inferior  comer  of  the  fifth  lumbar  vertebra. 

VOL.  XXVII.  (N.S.  VOL.  VII.)  S 
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do  not  think  that  we  could  improve  upon  those  in  general  use, 
viz.,  two  perpendicular  lines  reared  from  the  mid-poiht»  of 
Poupart's  ligamenta  The  two  planes  which  are  thus  indicated 
on  the  surface  may  be  termed  the  "  right  and  left  mid-Poupart 
planes." 

Whilst  I  would,  therefore,  recommend  the  retention  of  these 
lines,  I  must  not  be  understood  to  imply  that  they  are  altogether 
free  from  objection.  The  two  sides  of  the  body  are  not  often 
absolutely  symmetrical.  Thus  it  will  be  frequently  found  that 
these  lines  strike  the  lower  margin  of  the  chest  at  different 
points  on  the  two  sides,  and  at  different  points  in  different  sub- 
jects. Further,  it  will  sometimes  be  seen  that  the  districts  to 
the  right  and  left  of  these  lines  are  not  of  equal  extent.  So 
far  as  my  experience  goes,  it  would  appear  that  the  left  district 
(composed  of  left  hypochondrium,  left  lumbar  region,  and  left 
iliac  region)  is  in  certain  cases  distinctly  smaller  than  the  cor- 
responding district  on  the  right  side.  Lastly,  the  mid-Poupart 
lines  leave  us  with  a  very  wide  district  between  them.  This, 
however,  is  no  great  objection,  as  the  mesial  plane  affords  us 
an  excellent  means  of  subdividing  it  into  a  right  and  left 
portion. 

The  employment  of  oblique  lines,  or  the  curved  lines  sug- 
gested by  Dr  Wilberforce  Smith  (viz.,  the  outer  border  of  the 
rectus  abdominis),  would  in  my  opinion  only  lead  to  confusion. 
When  an  artist  is  desirous  of  reproducing  a  sketch  in  exact 
proportion,  he  does  not  draw  oblique  lines  upon  the  paper 
which  is  to  receive  the  drawing,  but  a  series  of  horizontal 
and  vertical  lines.  The  same  applies  to  the  abdomen.  It  is 
easier  for  us  mentally  to  map  in  the  position  of  the  viscera  with 
reference  to  a  *'  chess-board "  arrangement  of  lines,  than  with 
reference  to  a  series  of  oblique  or  curved  lines.  To  the  linsa 
semUvma/ria  I  would  urge  certain  special  objections,  viz. — (1) 
it  is  not  always  marked  on  the  surface  of  the  abdomen ;  (2)  it 
is  not  a  fixed  line,  but  varies  with  the  development  of  the 
rectus  abdominis  muscle,  and  in  the  female  it  is  extremely 
variable  from  other  causes;  (3)  the  lateral  district  which  it 
would  map  out  would  be  very  much  too  wide  in  its  lower  part 
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Part  II.  Topography  of  the  Viscera. 

It  is  not  only  necessary  to  fix  upon  planes  of  delimitation, 
l>ut,  as  Professor  Anderson  has  remarked,  it  is  also  requisite 
that  we  should  know  the  structures  that  are  divided  by  these 
planes,  and  also  those  that  lie  in  the  regions  which  are  marked 
out.  The  observations  which  I  have  to  offer  on  this  aspect  of 
the  question  are  derived  entirely  from  the  examination  of  one 
subject,  but  when  these  are  compared  with  the  results  obtained 
by  other  anatomists,  a  close  correspondence  will  be  remarked. 
I  consider,  therefore,  that  we  may  provisionally  regard  them 
as  affording  us  that  "  regional  type  "  to  which  Professor  Anderson 
alludes,  and  which  he  rightly  says  "would  be  of  material 
service  in  medical  education.'' 

It  is  now  nearly  four  years  ago  since  I  resolved  to  make  a 
series  of  sections  through  the  frozen  abdomen  along  lines  and 
planes  which  would  enable  us  to  accurately  localise  the  viscera 
in  the  different  regions  of  the  cavity.  For  some  time  I  was 
unable  to  carry  out  this  project,  because  no  suitable  subject 
presented  itsel£  For  the  success  of  the  scheme  it  was  necessary 
that  we  should  obtain  a  well-developed  healthy  body.  At  last 
an  opportunity  occurred.  A  well-built  male,  about  thirty  years 
of  age,  who  had  committed  suicide  by  the  clumsy  method  of 
cutting  his  throat,  was  brought  into  the  school.  He  was  six 
feet  in  height, 'rather  spare  but  not  emaciated,  and  so  far  as  our 
superficial  inspection  went,  he  seemed  to  be  healthy.  It  after- 
wards turned  out  that  we  were  not  quite  correct  in  our  surmise 
as  to  the  healthy  condition  of  all  the  internal  organs.  There 
were  cavities  in  the  lungs,  tubercular  disease  of  the  vesiculse 
seminales,  &c.  The  abdominal  organs,  however,  were  perfectly 
sound.  Having  placed  the  body  on  its  back,  so  that  an  accurate 
mesial  section  could  afterwards  be  made,  it  was  frozen  entire  in 
the  ordinary  way.  Unfortunately,  without  due  forethought, 
the  left  thigh  was  slightly  flexed  and  adducted.  This  produced 
a  small  degree  of  tilting  of  the  pelvis  to  the  opposite  side,  the 
effect  of  which  will  be  seen  later  on,  when  the  sections  come  to 
be  studied.  In  four  days  the  subject  was  ready  for  section. 
After  the  removal  of  the  head  and  limbs,  a  series  of  horizontal 


266  DR  D.  J.  CtJNNIHQUAH. 

sections  were  made  through  the  upper  part  of  the  trunk  down 
to  a  level  a  short  distance  above  the  nipples.  The  lower  part 
of  the  pelvis  was  then  removed  by  a  horizontal  cut  at  the  level 
of  the  pubic  crests.  The  porlioa  of  the  trunk  which  remained 
included  the  whole  of  the  abdomen,  with  the  exception  of  the 
lower  part  of  the  pelvic  cavity. 

A  series  of  sagittal  sections  were  made  through  this  abdom- 
inal block.  Three  of  these  were  planned  so  as  to  pass  through 
the  right  and  left  mid-Poupart  planes  and  the  mesial  plane. 
Each  of  the  four  slabs  thus  obtained  was  still  further  subdivided 
in  a  vertical  sagittal  direction  into  two  as  nearly  equal  parte  as 
possible.  These  sections  were  made  with  a  fair  amount  of 
success.  Owing  to  the  slight  degree  of  tilting  of  the  pelvis,  the 
portions  of  the  innominate  bones  cut  in  the  mid-Poupart  planes 
differ  to  some  extent.  Further,  the  sections  to  right  of  the 
mesial  plane  deviated  to  a  small  degree   from   the   accurate 


Fjti.  3, 

sagittal  direction  which  we  had  proposed  the  saw  should 
follow.  The  appai'atus  which  I  employ  to  ensure  that  the  saw 
will  follow  a  desired  plane  was  too  small  to  take  in  so  lai^  a 
block,  and  as  we  proceeded  in  our  section-cutting  from  left  to 
right,  the  portion  still  remaining  to  be  cut  became  so  narrow 
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t.hak  it  w£is  an  exceedingly  difficult  matter  to  obtain  absolutely 
si^ccurate  resulbs. 

The  stomach  and  intestinal  canal  were  empty,  and  the 
abdominal  wall  in  consequence  was  much  retracted.  In  the 
mesial  plane  opposite  the  umbilicus,  the  antero-posterior 
diameter  of  the  cavity  was  only  IJ  inches. 

It  will  be  most  convenient  to  indicate,  in  the  first  place,  the 
parts  cut  through  in  the  two  mid-Poupart  planes  of  section,  and 
then  localise  the  viscera  in  the  different  regions. 

Left  TfiiA-F<ywpari  Plane. — The  saw  passed  very  accurately 
through  this  plane.  Owing  to  the  slight  tilting  of  the  pelvis, 
the  innominate  bone  is  cut  behind  about  \  of  an  inch  too  far 
out.  In  place  of  passing  through  the  pelvis,  as  it  should  have 
done,  ^  an  inch  to  the  outer  side  of  the  sacro-iliac  joint,  the  saw 
traversed  the  bone  about  f  of  an  inch  to  the  outer  side  of  the 
articulation  (tracing  No.  6,  PL  XVIII.). 

The  structures  divided  in  this  plane  are — (1)  the  spleen, 
SO  that  at  least  one-third  of  the  organ  lies  to  right  and  two- 
thirds  to  the  left  of  the  plane  of  section ;  (2)  the  empty  stomach, 
through  the  greater  part  of  its  length ;  (3)  the  liver,  one  and  a 
half  inches  from  its  left  extremity ;  (4)  the  left  kidney,  so  that 
by  far  the  greater  part  of  the  organ  lies  to  the  right  of  the 
plane  of  section ;  (5)  the  colon  in  four  different  places,  viz... 
at  the  summit  of  the  splenic  flexure,  the  termination  of  the 
transverse  colon,  the  commencement  of  the  descending  colon, 
and  the  sigmoid  flexure ;  (6)  some  coils  of  the  small  intestine. 

Bight  mid-Poupart  Plane. — When  the  tracing  (No.  2,  PI. 
XYIL)  which  shows  the  parts  cut  in  this  plane  is  compared  with 
that  which  shows  the  structures  cut  in  the  left  mid-Poupart  plane, 
it  will  be  noticed  that  the  portion  of  the  innominate  bone  divided 
differs  considerably.  Indeed,  on  the  right  side  the  saw  has  passed 
through  the  outermost  part  of  the  sacro-iliac  joint,  i.e.,  half  an 
inch  too  far  in.  This  is  partly  due  to  the  tilting  of  the  pelvis 
aheady  referred  to,  and  partly  to  a  slight  deviation  of  the  saw 
inwards  as  it  was  carried  backwards  through  the  trunk.  It 
will  be  also  noticed  that  the  outer  portion  of  the  psoas  muscle 
is  sliced  off.  The  section  should  have  passed  to  the  outer  side 
of  this,  and  divided  the  muscle  only  in  the  neighbourhood  of 
Poupart's  ligament. 
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The  parts  divided  in  this  section  are  seen  in  tracing  No.  2 
(PL  XYII.),  which  was  taken  from  the  surface  of  the  slab  which 
lay  to  the  right  of  the  plane  of  section : — (1)  The  liver  bulks  most 
largely  in  this  section.  It  is  cut  immediately  to  the  right  of 
the  gall-bladder ;  indeed,  the  gall-bladder  has  suffered  somewhat 
by  the  section.    The  saw  has  passed  through  its  right  wall 

(2)  The  kidney  is  divided  so  that  very  nearly  two-thirds  lie  to 
the  right  of  the  plane  of  section — only  one-third  to  the  lefb  of  it 

(3)  The  hepatic  flexure  of  the  colon  is  cut  at  the  point  where 
it  is  giving  place  to  the  transverse  colon.  (4)  Curiously  enou^, 
the  only  part  of  the  small  intestine  divided  in  this  plane  of 
section  is  the  terminal  part  of  the  ileum.  This  part,  about 
four  inches  in  length,  is  seen  in  the  slab  which  bounds  the 
plane  of  section  on  the  right,  passing  vertically  upwards  on  the 
psoas.  Had  the  section  passed  accurately  backwards  through 
the  mid-Poupart  plane,  a  much  smaller  portion  of  the  ilemn 
would  have  been  seen  in  this  slab. 

Instead  of  giving  a  catalogue  of  the  viscera  contained  in  each 
region,  our  purpose  will  be  better  served  if  we  describe  the 
position  of  each  viscus,  with  reference  to  the  planes  of  sub- 
division that  we  have  chosen.  In  the  tracings  taken  from  the 
surface  of  the  slabs,  the  three  horizontal  lines  indicate  the  sub- 
costal, supra-iliac,  and  inter-tubercular  planes.  It  will  be  re- 
membered that  the  last-mentioned  plane  is  the  one  which  has 
been  selected  as  the  lower  boundary  of  the  umbilical  zona 
In  this  subject  the  inteimediate  zone  measured  four  inches 
in  depth,  i.&,  between  the  sub-costal  and  inter-tubercular 
planes. 

KmNBYS. — A  considerable  difference  is  noticed  in  the  position  of 
the  two  kidneys.  The  position  of  the  right  kidney  is  shown  in  trac- 
ings Nos.  1, 2,  and  3  (PI.  XYIL).  In  these  it  is  seen  to  be  sunk  deeplj 
into  the  posterior  surface  of  the  liver.  About  two-thirds  of  the  organ 
is  placed  in  the  hypochondriac  region,  and  one-third  in  the  epigastric 
region.  The  subcostal  plane  crosses  its  lower  end,  so  as  to  cut  off  a 
portion  not  exceeding  a  quarter  of  an  inch  in  length.  This  is  the 
only  portion  of  the  right  kidney  which  enters  the  lumbar  and 
umbilical  regions. 

The  left  kidnet/,  in  the  subject  under  consideration,  is  for  the  most 
part  contained  within  the  epigastric  region.  Rather  less  than  one- 
third  of  the  organ  lies  to  the  left  of  the  mid-Poupart  plane  in  the 
hypochondrium.     Its  position  may  be  studied  in  tracings  Nos.  5  and  6 
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(PL  XVILL).    It  will  be  seen  that  its  lower  end  does  not  reach  the 
subcostal  plane. 

The  fact  that  only  on  the  right  side  did  the  kidney  enter  the 
lumbar  and  umbilical  regions  was  to  me  a  matter  of  surprise.  In 
the  admirable  sketches  given  by  Dr  Symington  to  illustrate  the  true 
poeition  and  shape  of  the  liver  and  kidney,  a  somewhat  similar  con- 
dition will  be  seen.  In  plate  iv.  of  his  work  ^  both  kidneys  appear 
to  be  placed  above  the  level  of  the  subcostal  plane.  In  the  subject 
at  present  under  consideration,  the  kidney  is  separated  from  the 
highest  point  of  the  iliac  crest  by  an  interval  of  two  inches.  The 
variabUity  which  is  exhibited  in  di£ferent  subjects  as  to  the  width  of 
this  interval  formed  the  subject  of  a  Report  from  the  Ck)mmittee  of 
Collective  Investigation.  This  variability  goes  hand  in  hand  with 
the  variations  which  we  have  noted  in  the  lateral  depth  of  the 
thoracic  wall.  The  kidneys  rise  and  fall  with  the  rise  and  fall  of  the 
subcostal  plane. 

A  model  of  the  right  kidney  in  this  particular  subject  was  sub- 
mitted to  the  Committee.  The  form  is  somewhat  different  from  that 
which  we  are  in  the  habit  of  regarding  as  peculiar  to  the  kidney. 
But  into  this  we  need  not  enter  at  present. 

Liver. — (See  tracings  Nos.  1  to  7.) — A  model  which  exhibits 
the  true  shape  of  the  liver  in  the  subject  under  consideration  also 
accompanied  this  Report.  It  must  be  remembered  that  the  stomach 
and  great  intestine  were  empty.  This  partly  accounts  for  the  differ- 
ences in  form  which  are  seen  to  exist  between  this  model  and  that  pre- 
pared by  Professor  His.  The  inferior  surface,  as  described  by  His,  in 
my  model  looks  directly  backwards,  and  the  antero-posterior  diameter 
of  the  liver  is  greatly  reduced.  All  this  is  due  to  the  empty  state  of 
the  hollow  viscera  in  relation  to  it,  and  also  to  the  consequent  re- 
traction of  the  abdominal  wall.  These  conditions,  however,  would 
only  exercise  a  partial  influence  in  altering  the  relations  between 
the  liver  and  kidney.  In  the  model  prepared  by  His,  the  renal 
impression  looks  downwards  and  is  a  shallow  fossa ;  in  the  model 
submitted  to  the  Committee,  the  renal  impression  will  be  seen 
to  be  a  deep  excavation,  which  looks  directly  backwards,  and  into 
which  the  entire  kidney  is  sunk.  I  was  prepared  for  this  from  the 
study  of  a  series  of  transverse  sections  in  my  possession.  Symington 
has  also  called  attention  to  the  same  point,  and  has  figured  a  similar 
depression  in  the  liver.  It  is  important  to  note  also  that  his 
observations  were  made  on  a  subject  in  which  the  stomach  was 
distended.  The  model  of  His,  therefore,  clearly  requires  some 
modification  in  this  respect. 

The  position  of  the  liver  is  seen  in  the  various  tracings  submitted 
to  the  Committee.  The  organ  lies  in  all  the  three  regions  of  the 
costal  zone.  The  portion  which  lies  in  the  left  hypochondrium  is 
represented  by  one  inch  and  a  half  of  the  extremity  of  the  left  lobes. 
The  right  surface  is  very  steep  and  long,  and  extends  downward 

1  «  On  Certain  Physiological  Variations  in  the  Shape  and  Position  of  the 
Liver,"  Trans,  Med,  Chir.  Soc  Edin,,  1887,  plate  iv. 
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into  the  lumbar  region  for  about  one  inch  (see  tracing  No.  1, 
PI.  XYII.).  Here  the  liver  attains  a  lower  level  than  the  lower  end 
of  the  kidney.  Symington  has  observed  a  similar  relationship,  but 
is  inclined  to  regard  it  as  being  due  to  an  increase  in  the  vertical 
diameter  of  the  right  lobe  of  the  liver  brought  about  by  the  com- 
pression produced  by  a  distended  stomach. 

The  different  parts  of  the  liver  which  occupy  the  three  regions  of 
the  costal  zone  are  exhibited  in  the  accompanying  outline  sketch  of 
the  model  referred  to  (fig.  4). 

Amongst  the  many  interesting  points  to  be  noted  in  connection 
with  this  model  of  the  liver  we  may  specially  mention — (1)  the 
intimate  relatiouship  between  the  right  lobe  and  the  kidney,  already 
referred  to ;  (2)  the  small  extent  of  the  impression  for  the  empty 


Fig.  4. — Outline  obtained  from  a  tracing  of  a  photograph  of  the  model  con- 

stracted  from  the  liver. 
R.P. — Right   mid-Poupart   plane;    M.P. — ^Mesial   plane;   L.P. — Left   mid- 

Poupart  plane ;  G.B. — Gall  Bladder ;  U.— Ligamontum  teres. 

stomach  ;  (3)  the  large  size  of  the  tuber  omentale ;  (4)  the  marked 
depression  for  the  oesophagus ;  (5)  the  depression  on  the  inner  part  of 
the  tuber  omentale  corresponding  to  the  injected  coeliac  axis  and  the 
grooves  leading  away  from  this,  which  indicate  the  course  taken  by 
its  three  radiating  branches. 

Gall  Bladdbr.— (Tracing  No.  2,  PL  XVII.)— The  gall-bladder  lies 
in  the  epigastric  region  close  to  the  right  mid-Poupart  plane,  and  even 
encroaches  to  a  very  slight  extent  beyond  this  plane  into  the  hypo- 
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^hondriac  region.  The  fundus  approaches  the  subcostal  plane,  but 
is  separated  from  it  by  an  interval  of  rather  more  than  half  an 
inch. 

Stobcach.  —  (Tracings  Nos.  4,  5,  6.)  —  With  the  exception  of  a 
little  mucus  the  stomach  was  empty,  and  its  lining  mucous  membrane 
was  thrown  into  a  series  of  infoldings  which  almost  completely  obliter- 
ated its  cavity.  The  left  mid-Poupart  plane  passes  through  the  stomach 
about  half  an  inch  to  the  left  of  the  lesser  curvature.  Very  nearly 
equal  portions  of  it  lie  in  the  hypochondriac  and  epigastric  regions. 
It  is  seen  that  the  greater  part  of  the  stomach,  in  its  empty  condition 
at  least,  is  very  nearly  vertical  in  its  direction.  Placed  in  the  interval 
between  the  liver  and  spleen,  it  extends  downwards,  with  a  slight 
inclination  forwards  and  to  the  right  (tracing  No.  6).  This  vertically- 
placed  portion  of  the  organ  may  be  said  to  comprise  very  nearly  three- 
fourths  of  its  bulk.  The  pyloric  fourth  is  horizontal,  and  lies  in  the 
epigastrium,  partially  overlapped  by  the  thin  edge  of  the  left  lobe  of 
the  liver  (tracing  No.  5).  The  pyloric  opening  corresponds  accurately 
with  the  mesial  plane  (tracing  No.  4),  where  it  lies  completely  under 
shelter  of  the  liver,  half  an  inch  above  the  subcostal  plane,  and  4 J 
inches  below  the  lower  end  of  the  gladiolu&  The  oesophageal  opening 
lies  a  short  distance  to  the  left  of  the  mesial  plane. 

Spleen. — About  one-third  of  the  upper  and  inner  part  of  the  spleen 
lies  in  the  epigaatrium;  the  remaining  two-thirds  occupy  the  left 
hypochondrium  (tracings  Nos.  5,  6,  7,  PI.  XVIII.). 

SuPBARBNAL  CAPSULES. — Thcsc  are  both  placed  high  up  in  the 
epigastric  region. 

Pancreas. — The  pancreas  is  almost  entirely  placed  in  the  epi- 
gastrium ;  its  tail  crosses  the  left  mid-Poupart  plane  and  enters  the 
hypochondriac  region. 

Duodenum. — The  first  part  of  the  duodenum  has  a  position  very 
similar  to  that  exhibited  in  figure  2  in  Dr  Symington's  article  upon 
the  liver.  It  lies  entirely  in  the  right  part  of  the  epigastric  region, 
completely  under  shelter  of  the  liver,  and  in  relation  to  the  lobulus 
quadratus,  the  gall  bladder,  and  the  parts  entering  the  transverse 
fissure  (tracings  Nos.  3  and  4).  It  ascends  slightly  as  it  passes  to 
the  right.  Thus  at  its  commencement  it  is  only  half  an  inch  above 
the  subcostal  plane,  whilst  at  its  termination  it  is  one  inch  above  that 

level. 

The  second  part  of  the  duodenum  (tracing  No.  3)  descends  into  the 
umbilical  region.  The  right  mid-Poupart  plane  grazes  its  convexity, 
but  does  not  open  into  it.  It  is  moulded  on  the  convex  surface  of  the 
psoas,  and  merely  touches  the  lower  end  of  the  kidney.  In  a  dis- 
tended condition  it  would,  no  doubt,  lie  in  front  of  the  kidney. 

The  third  part  of  the  duodenum  crosses  in  front  of  the  vertebral 
column  in  the  umbilical  region.  In  the  mesial  plane  (tracing  No.  4) 
it  lies  in  front  of  the  third  lumbar  vertebra,  and  immediately  below 
the  subcostal  plane.  Lastly,  ascending  into  the  epigastric  region,  it 
ends  on  the  left  side  of  the  second  lumbar  vertebra.  The  jejunum  is 
divided  close  to  its  commencement  in  the  epigastric  region  in  the 
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section  midway  between  the  mesial  plane  and  the  left  mid-Poupart 
plane  (tracing  No.  5). 

Even  in  absolutely  normal  conditions,  the  relations  presented  hj  the 
duodenum  and  the  kidney  are  seen  to  be  very  different  in  different  sub- 
jects. Dr  Brooks,  who  has  studied  this  question,  has  kindly  sapplied 
me  with  three  drawings  which  illustrate  this  point  (fig.  8,  PL  X\n[II.). 
In  one  of  these  the  duodenum  is  related  to  the  upper  end  of  the 
kidney  ;  in  another  it  overlies  the  inner  part  of  the  kidney  throaghout 
its  whole  length ;  in  the  third  it  merely  touches  its  lower  end,  ajs  in 
the  subject  at  present  under  consideration. 

This  variability  in  the  mutual  relations  exhibited  by  these  two 
organs  is  a  matter  of  very  great  interest,  and  I  believe  that  it  is  due 
to  changes  in  the  position  of  the  kidney.  We  have  seen  that  the 
kidney  moves  up  and  down  with  the  rise  and  fall  of  the  subcostal 
plane ;  in  other  words,  its  position  is  affected  by  the  lateral  depth  of 
the  thoracic  wall.  In  health  the  duodenum,  however,  is  very  constant 
in  its  position.  It  is  moulded  on  the  vertebral  column,  and  its  position 
is  in  no  way  influenced  by  those  conditions  which  affect  the  level  of 
the  kidney.  If  I  am  right  in  these  views,  it  would  be  possible  to 
foretell  by  an  examination  of  the  exterior  of  the  body  and  by  the 
determination  of  the  level  of  the  subcostal  plane,  the  relative  position 
of  the  kidney  and  the  duodenum. 

Coils  of  Small  Intestine. — With  the  exception  of  the  terminal  four 
inches  of  the  ileum,  there  is  no  part  of  the  small  intestine  placed  to 
the  right  of  the  right  mid-Poupart  plane.  The  coils  of  the  small 
intestine  chiefly  occupy  the  hypogastrium ;  but  they  are  also  found 
in  the  umbilical  left  lumbar  and  left  iliac  regions,  whilst  a  small 
portion  of  the  jejunum  ascends  into  the  left  hypochondrium. 

The  terminal  four  inches  of  the  ileum  passes  vertically  upwards  on 
the  psoas  in  the  right  iliac  fossa  (tracing  No.  2)  immediately  to  the 
right  of  the  mid-Poupart  plane,  and  ends  in  the  caecum  at  the  level 
of  the  inter-tubercular  plane. 

C^cuM. — The  caecum  lies  almost  entirely  in  the  right  iliac  fossa. 
The  ileo-csecal  opening  is  placed  immediately  above  the  inter- 
tubercular  plane.  When  distended,  the  caecum  no  doubt  encroaches 
further  into  the  right  lumbar  region.  Indeed,  Symington  has  recently 
figured  the  ileo-csecal  valve  in  the  distended  gut  at  the  level  of  the 
disc  between  the  fourth  and  fifth  lumbar  vertebraB,^  t.e.,  three-quarters 
of  an  inch  above  the  inter-tubercular  plane. 

Colon. — The  ascending  colon  proceeds  vertically  upwards  in  the 
right  lumbar  region  imtil  its  progress  is  arrested  by  the  liver.  The 
hepatic  flexure  takes  place  at  this  point,  but  only  a  very  small  portion 
of  its  summit  is  in  the  right  hypochondrium  (tracing  No.  2).  The 
subcostal  plane  cuts  off  about  one  inch  of  its  highest  part.  From 
this  the  transverse  colon  descends  and  enters  the  umbilical  region 
(tracing  No.  3),  across  which  it  may  be  traced  into  the  left  lumbar 
region.  It  reaches  its  lowest  level  in  the  mesial  plane  (tracing  No.  4), 
where  it  lies  rather  more  than  half  an  inch  below  the  subcostal  plane. 

^  iVoe.  Anat»  Soe.,  August  1892,  p.  11. 


DELIMITATION  OF  THE   REGIONS  OF  THE  ABDOMEN.      273 

^ains  the  level  of  the  subcostal  plane  in  the  left  mid-Poupart  plane, 

immediately  turns  upwards  into  the  left  h jpochondrium  (tracing 

INo.  6).     In  this  region  it  attains  a  position  in  the  interval  between 

t.tk.e  stomach  and  spleen,  and  bends  upon  itself  to  the  form  of  the 

splenic  flexure  (tracing  No.  6).     The  summit  of  the  flexure  is  placed 

immediately  below  the  left  extremity  of  the  liver,  four  inches  above 

tlie  subcostal  plane  (tracing  No.  7).     The  descending  colon  proceeds 

downwards  in  front  of  the  kidney  and  through  the  left  lumbar  region 

into  the  left  iliac  fossa,  where  it  gives  place  to  the  sigmoid  flexure. 

This  portion  of  the  colon  is  only  partly  contained  in  the  iliac  region. 

JL  considerable  portion  of  it  crosses  the  mid-Poupart  plane,  and  comes 

to  occupy  a  place  in  the  hypogastrium  and  pelvis. 

In  the  first  volume  of  Qiiain's  Anatomy  (ninth  edition)  a 
table  is  given  which  details  the  position  of  the  abdominal 
viscera  with  reference  to  the  planes  of  subdivision.  Making 
allowance  for  the  difference  in  the  level  of  the  two  horizontal 
planes  of  subdivision,  the  facts  stated  in  this  table  agree  in  the 
main  with  the  results  which  I  have  obtained. 

Throughout  the  greater  part  of  this  work  I  have  received 
the  able  assistance  of  Dr  Brooks.  He  has  tested  the  results 
on  a  large  number  of  freshly-opened  subjects,  and  he  assures 
me  that  in  cases  where  the  viscera  are  healthy  he  has  almost 
invariably  found  them  in  the  regions  indicated  above. 


EXPLANATION  OF  PLATES  XVIL,  XVIII. 

Plate  XVIL 

Tracing  1. — From  the  left  surface  of  the  slab  which  lay  to  the  right 
of  a  plane  of  section  midway  between  the  right  lateral  surface  of  the 
trunk  and  the  right  mid-Poupart  plane. 

Tracing  2. — From  the  left  surface  of  the  slab  which  lay  to  the  right 
of  the  right  mid-Poupart  plane  of  section. 

Tracing  3. — From  the  left  surface  of  the  slab  which  lay  to  the 
right  of  a  plane  of  section  midway  between  the  right  mid-Poupart 
plane  and  the  mesial  plane. 

Tracing  4. — From  the  left  surface  of  the  slab  which  lay  to  the 
right  of  the  mesial  plane. 

Plate  XVIII. 
Tracing  5. — From  the  left  surface  of  the  slab  which  lay  to  the  right 
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of  a  plane  of  section  midway  between  the  mesial  plane  and  the  left 
mid-Poupart  plane. 

Tracing  6. — From  the  right  surface  of  the  slab  which  lay  to  the 
left  of  the  left  mid-Poupart  plane  of  section. 

Tracing  7. — From  the  right  surface  of  the  slab  which  lay  to  the  1^ 
of  a  plane  of  section  midway  between  the  left  lateral  surface  of  the 
trunk  and  the  left  mid-Poupart  plane. 

Fig.  8. — Diagrams  to  show  variations  in  the  relations  of  the 
duodenum  and  right  kidney ;  also  the  peritoneal  relations  of  the  left 
kidney. 
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It  gains  the  level  of  the  subcostal  plane  in  the  left  mid-Poupart  plane, 
and  immediately  turns  upwards  into  the  left  bjrpochondrium  (tracing 
No.  6).  In  this  region  it  attains  a  position  in  the  interval  between 
the  stomach  and  spleen,  and  bends  upon  itself  to  the  form  of  the 
splenic  flexure  (tracing  No.  6).  The  summit  of  the  flexure  is  placed 
immediately  below  the  left  extremity  of  the  liver,  four  inches  above 
the  subcostal  plane  (tracing  No.  7).  The  descending  colon  proceeds 
downwards  in  front  of  the  kidney  and  through  the  left  lumbar  region 
into  the  left  iliac  fossa,  where  it  gives  place  to  the  sigmoid  flexure. 
This  portion  of  the  colon  is  only  partly  contained  in  the  iliac  region. 
A  considerable  portion  of  it  crosses  the  mid-Poupart  plane,  and  comes 
to  occupy  a  place  in  the  hypogastrium  and  pelvis. 

• 

In  the  first  volume  of  Qiiain's  Anatomy  (ninth  edition)  a 
table  is  given  which  details  the  position  of  the  abdominal 
viscera  with  reference  to  the  planes  of  subdivision.  Making 
allowance  for  the  difference  in  the  level  of  the  two  horizontal 
plsmes  of  subdivision,  the  facts  stated  in  this  table  agree  in  the 
main  with  the  results  which  I  have  obtained. 

Throughout  the  greater  part  of  this  work  I  have  received 
the  able  assistance  of  Dr  Brooks.  He  has  tested  the  results 
on  a  large  number  of  freshly-opened  subjects,  and  he  assures 
me  that  in  cases  where  the  viscera  are  healthy  he  has  almost 
invariably  found  them  in  the  regions  indicated  above. 


EXPLANATION  OF  PLATES  XVIL,  XVIII. 

Plate  XVIL 

Tracing  1. — From  the  left  surface  of  the  slab  which  lay  to  the  right 
of  a  plane  of  section  midway  between  the  right  lateral  surface  of  the 
trunk  and  the  right  mid-Poupart  plane. 

Tracing  2.— From  the  left  surface  of  the  slab  which  lay  to  the  right 
of  the  right  mid-Poupart  plane  of  section. 

Tracing  3. — From  the  left  surface  of  the  slab  which  lay  to  the 
right  of  a  plane  of  section  midway  between  the  right  mid-Poupart 
plane  and  the  mesial  plane. 

Tracing  4. — From  the  left  surface  of  the  slab  w^hich  lay  to  the 
right  of  tihe  mesial  plane. 

Plate  XVIII. 
Tracing  5. — From  the  left  surface  of  the  slab  which  lay  to  the  right 


274        DELIMITATION  OF  THE   REGIONS  OF  THE  ABDOMEN. 

of  a  plane  of  section  midway  between  the  mesial  plane  and  the  left 
mid-Poupart  plane. 

Tracing  6. — From  the  right  surface  of  the  slab  which  lay  to  the 
left  of  the  left  mid-Poupart  plane  of  section. 

Tracing  7. — From  the  right  surface  of  the  slab  which  lay  to  the  left 
of  a  plane  of  section  midway  between  the  left  lateral  surface  of  the 
trunk  and  the  left  mid-Poupart  plane. 

Fig.  8. — Diagrams  to  show  variations  in  the  relations  of  the 
duodenum  and  right  kidney ;  also  the  peritoneal  relations  of  the  left 
kidney. 
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ORIGIN  OF  THE  OPHTHALMIC  ARTERY  FROM  THE 
MIDDLE  MENINGEAL  By  James  Musorovb,  M.D., 
M.R.C.S.,  Demonstrator  of  Anatomy,  Edinburgh  Uni- 
veraity. 

The  intimate  couDection  between  the  blood  supply  of  the  eye- 
ball and  that  of  the  brain,  as  revealed  by  ophthalmoscopic 
examination  of  the  retina  in  cerebral  disease,  gives  a  special 
significance  to  the  varieties  in  the  origin  and  distribution  of 
the  ophthalmic  artery.  The  two  conditions  that  may  give  rise 
to  varieties  in  the  arterial  supply  of  the  orbit  are,  first,  a  demand 
made  upon  the  ophthalmic  artery  to  extend  its  area  of  distri- 
bution, as  when  the  meningeal  arteries  of  the  middle  fossa  of 
the  skull  are  absent  or  smaller  than  usual,  and  the  ophthalmic 
sends  a  branch  to  supply  the  deficiency ;  and  second,  where 
the  ophthalmic  artery,  from  some  cause  or  other,  has  either  not 
been  developed,  or  has  become  obliterated,  and  the  blood  supply 
of  the  orbit  has  to  be  drawn  from  some  other  source.  In  this 
case  it  is  the  internal  maxillary,  and  usually  its  middle  menin- 
geal branch,  rather  than  the  facial  artery,  that  takes  its  place. 
And  thus  the  orbit  becomes  associated  in  its  blood  supply  with 
the  cranial  wall  and  the  external  carotid  arteiy,  and  loses  that 
intimate  connection  with  the  brain  which  it  has  when  supplied 
from  the  internal  carotid. 

In  the  eighth  volunxe  of  this  Journal,  Profeseor  Curnow  ^  described 
"two  instances  of  irregular  origin  of  the  ophthalmic  and  middle 
meningeal  arteries,"  and  in  the  second  of  these  cases  there  was  given 
off  from  the  middle  meningeal  the  whole  of  the  ophthalmic  artery, 
except  the  arteria  centralis  retinae — an  exception  that  is  interesting 
as  showing  that  the  retina  preserved  its  connection  with  the  cerebral 
circulation,  while  the  remainder  of  the  orbit  was  supplied  from  the 
meningeal  system.  Henle  ^  mentions  cases  where  the  middle  menin- 
geal gave  off  the  whole  ophthalmic  artery,  or  an  accessory  ophthalmic^ 
or  only  the  lachrymal  branch. 

In  a  case  which  recently  occurred  in  the  dissecting-room  of 
Edinburgh  University,  the  whole  of  the  blood  for  the  orbit  was 

*  Joum.  Anal,  and  Phys.,  vol.  viii.  page  166. 
'  ffandbueh  d&r  menachlichen  AnaiomU. 
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supplied  by  a  branch  from  the  middle  meningeal,  and  the  re- 
mains of  what  appeared  to  be  the  normal  ophthalmic  artery 
were  found  as  an  impervious  fibrous  cord,  traceable  back  through 
the  optic  foramen  to  the  region  of  the  internal  carotid. 

On  the  left  side,  where  the  variety  was  first  observed,  a  large 
artery  arose  from  the  anterior  branch  of  the  middle  meningeal, 
and  passed  to  the  orbit  through  the  outer  part  of  the  sphenoidal 
fissure.  It  coursed  forwards  and  inwards  above  the  external 
rectus  muscle,  but  below  the  lachrymal  nerve,  and  then  between 
the  optic  nerve  and  superior  rectus  to  the  inner  side  of  the 
orbit.  As  the  artery  passed  through  the  sphenoidal  fissure,  it 
gave  a  small  vessel  which  passed  forwards  for  a  short  distance 
and  then  turned  outw^ards,  and  probably  supplied  the  lachrymal 
gland,  but  its  connection  had  been  lost  in  the  previous  dissec- 
tion. The  second  branch  given  oflf  was  distributed  to  the 
external  rectus  muscle.  From  the  artery,  while  above  the  optic 
nerve,  two  twigs  were  given  to  the  superior  rectus  muscle,  and 
some  distance  forwards  a  supra-orbital  branch  passed  round  the 
anterior  margin  of  the  orbit.  Approaching  the  inner  side  of 
the  orbit,  the  main  artery  gave  a  large  branch  that  passed 
inwards  in  an  arched  manner  over  the  nasal  nerve,  and  the 
main  vessel  continued  its  course  forwards  with  the  infra-trochlear 
branch  of  the  nasal.  The  ethmoidal  arteries  were  not  found  on 
this  side.  The  branch  which  has  been  referred  to  as  arching 
over  the  nasal  nerve  is  of  special  interest,  because,  in  addition 
to  muscular  branches  to  the  internal  and  inferior  recti  and 
ciliary  arteries,  it  supplied  the  arteria  centralis  retinae,  and  then 
became  a  fibrous  cord,  which  was  attached  behind  to  the  inner 
and  lower  margin  of  the  optic  foramen,  where  it  became  blended 
with  the  fibrous  tissue  around  that  opening. 

On  the  rigM  side,  the  ophthalmic  artery  resembled  the  left 
in  origin,  course,  and  distribution.  It  arose  from  the  anterior 
branch  of  the  middle  meningeal,  passed  through  the  outer  part 
of  the  sphenoidal  fissure  above  the  external  rectus  muscle,  crossed 
over  the  optic  nerve,  and  ended  as  the  nasal  artery,  after  giving 
off  a  branch  which  sent  back  a  fibrous  cord  towards  the  intemsJ 
carotid.  Immediately  after  entering  the  orbit,  it  gave  a  long 
slender  lachrymal  branch  to  the  gland,  and  from  the  opposite 
side  of  the  artery,  at   the  same  spot,  a  supra-orbital  branch. 
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Next  in  order  came  the  branches  to  the  external  and  superior 
recti  muscles,  and  then  the  posterior  ethmoidal  artery.  After 
these,  a  branch  curved  downwards  at  the  ioner  side  of  the  optic 
nerve,  and  supplied  muscular  offsets,  ciliary  arteries,  and  the 
arteria  centralis  retinae,  and  ended,  as  on  the  left  side,  in  a 
fibrous  cord  which  could  be  traced  backwards  to  the  inner 
margin  of  the  optic  foramen,  where  it  blended  with  the  sur- 
rounding fibrous  tissue  close  to  the  internal  carotid  The 
main  stem  of  the  ophthalmic  artery,  after  giving  off  this  last- 
mentioned  branch,  divided  into  an  anterior  ethmoidal  artery 
and  a  vessel  which  passed  forwards  with  the  infra-trochlear 
nerve. 

When  we  consider  the  cause  of  this  condition  of  the  ophthal- 
mic artery,  I  think  there  can  be  little  difficulty  in  coming  to  the 
conclusion  that*there  has  beenan  obliterationof  thedriginal  branch 
of  the  internal  carotid,  and  that  the  present  ophthalmic  artery  is 
an  enlargement  of  what  is  described  ^  as  the  orbital  branch  of 
the  middle  meningeal.  Why  this  obliteration  should  have  taken 
place  it  is  diGBcult  to  explain,  but  I  would  point  out  that  the 
fibrous  cord  which  no  doubt  represents  the  original  ophthalmic 
artery,  was  found  on  both  sides  at  the  inner  part  of  the  optic 
foramen,  as  though  the  artery  had  passed  to  the  orbit  at  the 
inner  instead  of  the  outer  side  of  the  optic  nerve. 

^  Qitainf  10th  edition,  vol.  ii.,  part  2,  p.  404.  < 


COMPLETE  SEPARATION  OF  THE  TWO  HEADS  OF 
THE  BICEPS  FLEXOR  CRURIS  MUSCLE.  By 
David  Hepburn,  M.D.,  F.R.S.R,  Senior  Demonstrator  of 
Anatomy,  University  of  EdinhurgK 

It  will  usually  be  found  that  varieties  in  the  arrangement  of 
the  humaji  muscular  system  are  explainable  by  reference  to  the 
facts  of  comparative  anatomy,  and  hence  it  is  customary  to 
regard  the  great  majority  of  such  abnormalities  as  regressions 
to  a  type  of  which  the  permanent  form  is  found  in  some  of  the 
lower  animals.  The  case  which  I  am  about  to  record  affords  a 
striking  illustration  of  the  foregoing  statement.  Moreover,  its 
great  rarity  invests  it  with  an  additional  interest.  The  com- 
plete independence  of  the  two  portions  of  the  biceps  flexor 
cruris  muscle  is  referred  to  by  Testut  ^  in  his  elaborate  treatise 
on  muscular  anomalies,  and  he  quotes  two  cases  recorded  by 
MacaUster.^  In  one  of  these,  the  ischial  and  femoral  heads 
remained  distinct  until  the  immediate  vicinity  of  the  fibular 
insertion ;  in  the  other,  the  two  parts  were  completely  separated 
by  the  interposition  of  the  external  lateral  ligament  of  the 
knee-joint. 

Various  modifications  of  the  insertion  of  the  biceps  are  also 
recorded.  The  most  important  of  these  consist  of  additional 
fasciculi  detached  from  the  ischial  or  long  head,  and  inserted 
either  into  the  tendo  Achillis,  or  the  fascia  of  the  leg. 

Wenzel  Gruber  *  and  W.  Turner  *  have  recorded  such  cases 
under  the  names  of  M.  Tensor  fasciae  sy/rcUis,  and  M.  Tenwr 
fascice  poplitealis. 

In  the  following  notes  it  will  be  seen  that  the  present  case 
presents  an  instance  of  more  complete  independence  between 
the  two  heads  of  the  muscle  than  any  of  those  above  referred  to. 

The  subject  was  a  well-nourished  female,  of  which  the  left 

^  Testnt,  Anomalies  MusevXaireSf  1884. 
^  Macalister,  Trm^jsotetions  of  Roy,  Irish  Acad.,  1871. 

^  Gruber,  (a)  Bull,  de  TAcad.  des  Sciences  de  St  Petersbourg,  t.  z.,  1878.    (h) 
BeobcuMungen  aus  der  mensehl.  vmd  vergleich,  AncUomief  ii.  Heft,  p.  55. 
♦Turner,  Jour.  Anat.  and  Phys,^  1872,  p.  442. 
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inferior  extremity  was  being  used  by  Sir  Wm.  Turner  for  the 
demoDstratioii  of  its  muscles  to  his  class  of  Systematic 
Anatomy. 

The  long  or  ischial  head  of  the  biceps  had  the  usual  place  of 
origin  in  common  with  the  semi-tendinosus,  but  it  was  also 
closely  blended  with  the  origin  of  the  semi-membranosus  muscle. 
The  belly  of  the  muscle  was  of  small  size,  being  only  six  and  a 
half  inches  in  length,  and  little  more  than  half  an  inch  in  width. 
The  tendon  which  descended  from  this  belly  was  at  first  rounded 
and  slender,  but  after  a  course  of  three  inches  it  became  flat- 
tened and  inseparably  blended  with  the  deep  fascia  of  the  outer 
part  of  the  thigh,  in  which  the  expanded  tendinous  fibres  might 
be  traced  as  far  as  the  deep  &acia,  covering  the  outer  head  of 
the  gastrocnemius  muscle.  This  head  of  the  biceps  was  there- 
fore a  tensor  fasdoB  poplitealis. 

The  short  or  femoral  head  was  considerably  larger  than  the 
ischial  head.  It  took  origin  from  the  external  intermuscular 
septum,  and  the  upper  third  of  the  line  leading  from  the  exter- 
nal condyle  of  the  femur  to  the  linea  aspera,  from  the  whole 
length  of  the  linea  aspera  between  adductor  magnus  and  vastus 
externus,  extending  as  high  as  the  gluteus  maximu&  Through- 
out its  entire  length  this  head  was  separate  from  the  ischial 
portion.  Its  tendon  was  only  an  inch  and  a  half  in  length,  and 
was  inserted  into  the  outer  side  of  the  head  of  the  fibula,  some 
of  its  fibres  being  continuous  with  the  fascia  investing  the 
peroneus  longus,  and  it  was  not  divided  into  two  parts  by  the 
external  lateral  ligament  of  the  knee-joint. 

A  disposition  of  parts  approximating  to  that  just  described  is 
known  to  occur  normally  in  several  of  the  anthropoid  apes.  In 
a  recent  number  ^  of  this  Journal  I  have  recorded  the  results 
of  my  dissection  of  this  muscle  in  the  Gibbon,  Orang,  Chim- 
panzee, and  Gorilla.  Among  these,  the  Orang  presented  appear- 
ances most  akin  to  those  described  above,  but  in  the  Chimpanzee 
and  Gorilla  the  complete  separation  of  the  two  heads  from  each 
other  was  not  so  definite  as  in  the  Orang. 

Indeed,  in  them  there  was  a  partial  fusion  between  the  two 
heads,  and  the  fused  part  was  inserted  into  the  head  of  the 
fibula,  but  a  considerable   portion  of  the  long  head  was  in- 

1  July  1892. 
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serted  independently  into  the  external  tuberosity  of  the  tibia, 
and  the  posterior  fibres  of  the  short  head  were  inserted  into  the 
deep  fascia  covering  the  outer  head  of  the  gastrocnemius. 

In  the  Gibbon,  on  the  other  hand,  the  fusion  between  the  two 
heads  and  the  insertion  of  the  muscle  as  a  whole,  closely  re- 
sembled the  normal  disposition  of  the  corresponding  parts  in 
Man. 

These  observations  on  the  inseition  of  the  biceps  in  the 
Anthropoid  Apes  are  corroborative  of  statements  quoted  by 
Testut  from  the  writings  of  Duvernoy,  Bischoff,  and  Champneys. 


DELIMITATION    OF  THE    REGIONS  OF  THE    ABDOMEN. 
By  W.  WiLBEKPORCB  Smith,  M.D.,  M.R.C.P.  Lond. 

Accustomed  for  uiaiiy  years  to  explore  the  abdomen  of  every  patient 
with  rare  exceptions,  I  beg  to  offer  a  note  from  the  medical  consulting- 
room.  The  various  existing  chess-board  methods  of  delimitation  appear 
to  have  but  slight  relation  to  actual  practice,  and  their  obliteration 
would  leave  little  to  regret.  Landmarks  should  be  as  nearly  as 
possible  imder  the  exploring  hands,  the  regions  mapped  out  should 
not  be  over-numerous,  and  their  names  should  have  no  equivocal 
meaning.  Professor  Anderson's  proposed  six  divisions,^  viz.,  upper 
and  lower  regions,  subdivided  into  right,  middle,  and  left,  have  for 
some  time  past  been^in  use  (so  it  occurs)  in  my  consulting-room  notes, 
and  have  afiEorded  an  altogether  new  sense  of  satisfaction  and  pre- 
cision. His  proposed  horizontal  line  is  always  under  the  eye,  viz.,  the 
level  of  the  umbilicus,  or,  failing  that,  the  level  of  the  highest  part 
of  the  crest  of  the  ilium.  The  latter  serves  when  the  umbilicus  is 
displaced  on  a  pendulous  abdomen.  This  displacement  is  of  essential 
consequence.  It  occurs  especially  in  women.  And  women  furnish 
the  majority  of  abdominal  cases :  witness  the  Registrar-General's 
tables,  showing  a  large  preponderance  amongst  adult  females,  of 
mortality  from  abdominal  diseases. 

For  vertical  lines,  I  would  draw  attention  to  the  advantage  of 
using  the  external  borders  of  the  recti  abdominis.  They  are  under 
the  explorer's  hands :  the  recti  muscles  are,  in  moderately  muscular 
subjects,  well  marked  to  palpation,  mostly  furnish  a  considerable 
increase  of  dulness  to  percussion,  and  not  infrequently  can  be  made 
out  by  the  eye.  (Reference  is  here  made  to  results  of  examining 
subjects  in  the  erect  posture.)  This  facility  of  definition  could 
hardly  apply  to  a  line  drawn  vertically  to  the  middle  of  Poupart's 
ligament.  In  routine  medical  practice  such  a  vertical  line  would  be 
mostly  guessed  at,  particularly  in  women.  It  would  have  the 
further  drawback  of  a£Pording  right  and  left  lower  provinces  of  dis- 
proportionate smallness.  On  the  other  hand,  the  convergence  of  the 
edges  of  the  recti  to  the  pubes,  would  afford  divisions  of  more  con- 
venient size. 

In  relation  to  structures  within  the  abdomen,  it  would  probably  be 
difficult  to  find  divisions  more  convenient  than  those  marked  off 
by  the  hoiizontal  umbilical  line  and  the  intersecting  vertical  lines 
suggested.  Such  divisions  give  the  feeling  in  actual  use,  of  working 
on  a  natural  plan,  as  compared  with  more  artificial,  little-used 
methods. 

^  JownuU  of  Anatomy  cand  Physiology ^  July  1892. 
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RECENT  WORKS  ON  THE  NERVOUS  SYSTEM. 

I.  UludrcUiom  of  the  Nerve  Tracts  in  the  Mid  and  Hind  Brain^  and 
the  Cranial  Nerves  arising  tJierefrom.  By  Alexander  Bbucs; 
M.A.,  M.D.    Young  J.  Pentland,  Edinburgh  and  London,  1892. 

During  the  last  few  years  Dr  Bruce  has  from  time  to  time  communi- 
cated to  the  Royal  Society  of  Edinburgh  interesting  and  valuable 
papers  on  the  anatomy  of  the  central  nervous  apparatus.  In  the 
handsome  volume  now  before  us  he  has  incorporated  the  results  of 
some  of  the  investigations  treated  of  in  these  papers,  and  has  supplied 
a  quantity  of  additional  matter.  He  has  illustrated  the  voluihe  with 
numerous  drawings,  which  occupy  twenty-seven  large  and  beautifully 
executed  plates,  and  with  twenty-seven  diagrammatic  figures  inter- 
spersed in  the  text.  The  work  is  therefore  an  important  treatise  on 
the  parts  of  the  Brain  to  which  it  refers,  and  will  have  to  be  read  by 
those  who  are  engaged  in  the  study  of  the  central  nervous  system. 

The  observations  have  been  principally  made  on  brains  of  the 
human  foetus  between  the  fifth  month  and  full  time,  hardened  in 
Muller's  fluid,  and  stained  by  the  methods  of  Weigert  or  Pal.  The 
drawings  were  made  under  the  microscope  with  the  aid  of  the  camera- 
lucida,  so  as  to  ensure  accuracy  of  outline  and  of  the  relations  of  the 
constituent  parts  shown  in  each  section. 

In  his  chapter  on  the  tracts  of  the  medulla,  pons,  and  crura,  the 
author  begins  by  tracing  the  antero-lateral  ground  or  basis  bundle 
of  the  cord  into  the  medulla  oblongata.  He  states  that  in  the 
medulla  it  occupies  two  distinct  regions :  the  more  anterior  set  of 
fibres  lies  internal  to  the  roots  of  the  hypoglossal  nerve,  and  eventually 
forms  the  posterior  longitudinal  fasciculus ;  whilst  the  other  set  on 
the  outer  side  of  the  hypoglossal  nerve  and  on  the  dorsal  aspect  of 
the  olive,  terminates  in  part  in  the  cells  of  the  grey  reticular  forma- 
tion, and  partly  ascends  in  the  "  lateral  medullary  tract,"  then  enters 
the  latersd  fillet,  which  it  accompanies  to  the  testis.  He  confirms 
the  fact  that  the  ascending  antero-lateral  tract  of  Gowers  occupies 
in  the  lower  part  of  the  medulla  a  position  immediately  on  the 
ventral  side  of  the  direct  cerebellar  tract,  and  forms  a  part  of  the 
lateral  medullary  tract  above  referred  to ;  but  he  traces  it  no  higher 
than  the  lateral  nuclei  of  the  medulla.  He  suggests  that  it  possibly 
may  end  there,  though  he  thinks  that  the  question  of  its  termination 
is  more  likely  to  be  settled  by  the  study  of  its  ascending  degenera- 
tion than  by  that  of  its  development — a  view  in  which  we  fully 
concur.     He  considers  that  the  direct  cerebellar  tract  enters  the 
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cerebellum  in  the  core  of  the  restiform  body,  and  extends  into  the 
Buperior  TermiB  of  the  opposite  side.  The  pyramidal  tracts,  though 
figured  and  referred  to  in  the  explanation  of  the  plates,  are  not 
specially  described  in  the  text. 

As  regards  the  posterior  column,  the  postero-median  tract  (GoU) 
is  traced  to  the  poet-pyramidal  nucleus,  from  the  cells  of  which 
apparently  fibres  pass  to  the  fillet  and  the  restiform  body.   The  postero- 
external tract  appears  to  terminate  in  the  cuneate  nucleus,  out  of 
which  fibres  also  proceed  to  the  fiUet  and  the  restiform  body.     The 
origin  and  termination  of  the  lemniscus  or  mesial  fillet  has  always 
been  a  puzzle  difficult  to  unravel.     Dr  Bruce's  observations  support 
the  view  that  this  tract  arises  from  the  nerve  cells  of  the  post-pyra- 
midal and  cuneate  nuclei,  and  that  the  fibres  arising  therefrom,  and 
known  as  deep  arciform  fibres,  decussate  in  the  mesial  plane  of  the 
medulla,  immediately  above  the  decussation  of  the  pyramids ;  those 
from  the  cuneate  nuclei  become  medullated  long  before  those  which 
arise  from  the  post-pyramidal  nuclei.  Beyond  the  decussation,  the  fibres 
turn  sharply  upwards,  and  form  the  inter-olivary  layer  or  stratum  of 
longitudinal  fillet  fibres,  situated  between  the  raphe  and  inferior 
olive.     The  fillet,  on  entering  the  pons,  lies  between  the  raph^  and 
the  root  of  the  sixth  nerve ;  but  above  the  level  of  the  corpus  trape- 
zoideum  some  of  its  fibres  terminate  in,  others  arise  from,  the  cells  in 
the  anterior  part  of  the  tegmentum  of  the  pons.    The  main  tract  of 
the  mesial  fillet  passes  obliquely  outwards  and  upwards,  and  gives  off 
a  few  fibres  to  the  testis  through  the  lateral  fillet,  and  others  to  the 
nates,  whilst  the  rest  is  continued  into  the  subthalamic  region,  and 
possibly  onwards  to  the  cortex  cerebri.     The  lateral  or  lower  fillet, 
vrhich  has  usually  been  described  as  arising  from  the  superior  olive, 
is  stated  by  Dr  Bruce  to  receive  in  addition  fibres  through  the 
median  fillet  from  the  posterior  colunms  and  from  the  lateral  columns 
through  the  lateral  medullary  tract     This  fillet  passes  to  the  testis. 
The  restiform  body  has  two  distinct  origins,  an  external  from  the 
medulla  and  cord,  and  an  internal  from  the  pons.  The  external  division 
proceeds  from  the  direct  cerebellar  tract ;  from  the  cells  of  the  post- 
pyramidal  and  cuneate  nuclei  of  the  same  side;  from  the  corre- 
sponding nuclei  and  the  inferior  olive  of  the  opposite  side  by  decussating 
fibres,  and  from  the  lateral  (antero-lateral)  nucleus,  apparently  of  the 
same  side.     The  internal    division  is  aerived  from  the   external 
nucleus  of  the  vestibular  root  of  the  auditory  nerve,  and  from  the 
superior  olive,  and  the  fibres  belonging  to  it  pass  from  below  upwards 
to  the  roof  nuclei  of  the  cerebellum.    The  author  has  described  a 
strand  which  appears  to  connect  the  inferior  olive  with  Deiters'  nu- 
cleus of  the  auditory  nerve :  observations  on  the  corpus  trapezoideum, 
superior  olive,  roof  nuclei,  nucleus  dentatus,  and  superior  cerebellar 
peduncle  are  also  recorded.     He  regards  the  flocculus  as  associated 
in  an  important  way  with  the  division  of  the  auditory  nerve  distri- 
buted to  the  vestibule  and  semi-circular  canals ;  for  the  majority  of 
its  fibres  enter  into  connection  with  the  internal  and  external  nuclei 
of  the  auditory  nerve.     It  is  also  connected  with  the  nucleus  of  the 
6th  nerve. 

VOL.  XXVII.  (n.s.  vol.  vil)  u 
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A  chapter  is  devoted  to  the  consideration  of  the  origin  of  all  the 
cranial  nerves  except  the  olfactory  and  optic  Our  space  does  not 
admit  of  a  detailed  abstract ;  but  we  may  state  that  the  chapter  con- 
tains a  careful  description,  with  corresponding  illustrations,  of  their 
nuclei  of  origin  and  of  their  connections.  We  cannot  close  this 
notice  without  commending  the  admirable  digest  of  the  literature 
incorporated  in  each  chapter ;  and  we  bring  with  pleasure  this 
handsome  volume  not  only  under  the  notice  of  anatomists  and  physio- 
logists, but  of  physicians,  on  account  of  its  value  in  a  clinioal  aspect 


II.  ContribitHon  to  the  Surface  Anatomy  of  the  Cerebral  Hemispheres, 
By  D.  J.  Cunningham,  M.D.,  with  a  Chapter  upon  Cranio- 
cerebral Topography,  by  Victor  Horsley,  M.B.  Cunningham 
Memoirs,  No.  YII.  Published  by  the  Royal  Irish  Academy, 
Dublin,  1892. 

Thb  preliminary  contributions  to  the  surface  anatomy  of  the 
cerebrum,  which  Professor  Cunningham  has  from  time  to  time  made 
to  this  Journal,  have  paved  the  way  for  the  elaborate  treatise  now 
before  us.  The  author  in  his  introductory  chapter  states  that  his 
original  intention  was  to  study  each  fissure  and  gyrus  in  the  hemi- 
sphere through  every  stage  of  its  development  and  growth ;  but  as  he 
proceeded  in  his  work  he  found  that  from  the  magnitude  of  the  task 
it  would  be  necessary  to  restrict  himself  to  the  more  important 
fissures  and  gyri.  The  questions  which  he  has  more  especially 
sought  to  determine  are — 1st,  the  more  usual  mode  of  development 
of  the  fissures  which  have  been  investigated,  the  period  of  life  when 
they  become  fully  formed,  and  the  light  thrown  by  the  process  of 
fissure  formation  on  the  growth  of  particular  areas  of  cerebral  cortex ; 
2nd,  do  the  fissures  change  their  position  after  their  original  appear- 
ance, and  is  the  change  in  then*  relations  to  the  cranial  sutures  at 
different  periods  of  growth  due  (a)  [to  an  increase  or  decrease  of 
certain  areas  of  cerebral  surface ;  (&)  to  a  want  of  harmony  in  the 
growth-rate  of  the  different  cranial  bones  ;  {c)  to  both  these  influences 
acting  together  ? 

In  pursuing  his  investigations  Dr  Cunningham  has  enjoyed  the 
advantage  of  having  a  large  number  of  brains  at  his  disposal,  both 
from  the  human  foetus  at  various  stages  of  development,  and  from 
the  adult,  together  with  a  smaller  number  of  the  brains  of  children 
of  different  ages,  and  along  with  these  he  has  studied  the  brains  of 
the  Orang,  Chimpanzee,  and  several  species  of  tailed  monkeys. 

The  "  complete  "  fissures — totalfistlten  of  His — ^are  investigated  with 
a  thoroughness  which  they  had  not  received  from  any  other  anato- 
mist, and  his  views  regarding  them  are  summarised  in  a  series  of 
propositions.  Special  chapters  are  then  devoted  to  the  study  of  the 
fissure  of  Sylvius  and  the  island  of  Beil,  the  fissure  of  Rolando, 
the  intraparietal  fissure  of  Turner,  and  the  precentral  and  other  sulci 
en  the  external  surface  of  the  frontal  lobe.     The  several  areas  of  the 
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cerebral  cortex  immediately  associated  with  these  fissures,  as  well  as 
the  fissures  themselves,  are  described  with  a  fulness  of  detail,  both  in 
their  development  and  in  their  arrangement  in  the  adult  brain,  such 
as  could  only  have  been  attained  through  the  abundance  of  material 
which  the  author  has  had  at  his  oonunand.  The  most  important 
facts  and  observations  are  illustrated  in  the  eight  large  quarto  plates 
at  the  end  of  the  memoir,  and  in  numerous  figures  interposed  in  the 
text.  In  Plates  L-YI.  the  stages  of  development  of  the  fissures  and 
convolutions  are  represented  in  a  large  number  of  figures,  and  those 
which  are  especiaUy  valuable  are  the  drawings  of  the  transitory 
fissures,  and  the  earlier  condition  of  the  persistent  fissures  of  the 
human  cerebrum. 

In  papers  published  in  volume  viii.  of  this  JourfuU,  Nov.  1873  and 
May  1874,  and  in  Proc.  Bay.  Soe,  Edinburgh^  Jan.  19,  1874,  Professor 
'l\irner  mapped  out  the  surface  of  the  cerebrum  in  its  relations  to  the 
skull  and  scalp,  and  described  his  method  of  exposing  the  brain  in  titu 
by  cutting  out  definite  areas  of  bone,  a  method  which  he  preferred  to 
the  plan  previously  pursued  by  M.  Broca  and  Professor  Bischoff,  who 
localised  the  convolutions  by  introducing  pegs  into  the  brain  through 
holes  bored  through  the  cranium.  Professor  Cunningham  has  pursued 
a  somewhat  similar  method  of  investigation  to  that  employed  by 
Professor  Turner,  though  he  has  combined  with  it  the  insertion  of 
pegs  into  the  brain  through  holes  in  the  skulL  In  many  instances, 
after  the  brains  were  hardened  in  spirit,  moulds  were  taken  and  casts 
in  plaster  of  Paris  were  obtained.  A  series  of  such  casts  is  figured 
in  Plates  Y.-VIII.  The  large  amount  of  material  illustrating  the  re- 
lations of  the  brain  to  the  surface  of  the  head,  which  Dr  Cunningham 
had  gathered  together  in  the  course  of  his  investigation,  he  has  with 
great  liberality  placed  at  the  command  of  Mr  Victor  Horsley,  by 
whom  the  chapter  on  cranio-cerebral  topography  has  been  written. 

We  cannot  close  this  notice  of  Dr  Cunningham's  memoir  without 
expressing  a  strong  opinion  of  its  value,  and  with  the  hope  that  he 
may  find  time  to  complete  the  study  of  the  surface  anatomy  of  the 
cerebral  hemispheres  in  a  manner  as  carefully  and  as  accurately  as 
the  areas  which  are  embraced  in  the  present  memoir. 


III.  The  Structure  and  Function  of  the  Brain  and  Spinal  Cord,  being  the 
FuUerian  Lecture  for  1891.  By  Victor  Horsley,  B.S.,  F.R.S. 
London :  Charles  Griffin  &  Co.,  1892. 

The  author  has  selected  as  the  subject  of  the  courses  of  lectures 
delivered  by  him  as  the  FuUexian  Professor  at  the  Royal  Institution, 
the  anatomy  and  physiology  of  the  brain  and  spinal  cord.  The 
present  volume  is  limited  to  a  discussion  of  the  structure  and  functions 
of  the  spinal  cord  and  the  ganglia  associated  with  it,  whilst  the 
consideration  of  the  structure  and  functions  of  the  brain,  and  the 
recent  results  of  research  in  physiological  psychology,  are  left  over  for 
publication  in  two  succeeding  volumes. 
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As  the  Fullerian  lectures  are  delivered  to  a  general  audience,  and 
not  to  one  exclusively  composed  of  anatomists  and  physiologists,  the 
professor  is  required  to  employ  as  far  as  possible  non-technical  lan- 
guage, so  as  to  popularise  the  subject,  without,  however,  sacrifictng 
scientific  precision.  This  Mr  Horsley  has  done,  and  his  Uttle  book 
can  be  recommended  as  furnishing  a  well  written  account  of  recent 
researches  and  opinions  regarding  the  structure  and  functions  of  the 
spinal  cord.  As  the  author  has  himself  undertaken,  along  with  Mr 
Gotch,  an  experimental  enquiry  into  the  physiology  of  this  division  of 
the  central  nervous  system,  he  has  natimdly  incorporated  in  ht& 
lectures  the  results  of  this  research. 


IV.  Vnteriuchungen  iiber  die  Vergleichende  Anatomie  des  Gehirns.  Ist^, 
Das  Vorderhim,  1888;  2nd,  Das  Zwischmhim,  Heft  I,  1892. 
By  Dr  Ludwig  Edinger.     Frankfurt  am  Main. 

Dr  Edinger,  whose  lectures  on  the  Central  Organs  of  the  Nervous 
System  we  noticed  in  the  Journal  for  July  1892,  is  engaged  in  a  series 
of  researches  into  the  comparative  anatomy  of  the  brain.  Two 
memoirs  have  now  been  published,  the  first  of  which  contains  his 
observations  on  the  Fore-brain  in  fish,  amphibia  and  reptiles,  and  the 
second  comprises  the  study  of  the  Thalamencephalon  (ZtoUchenhirn) 
in  Selachia  and  Amphibia.  The  memoirs  are  produced  under  the 
auspices  of  the  Senokenberg  Naturalist  Society  in  Frankfurt,  and  aie 
illustrated  with  clearly  executed  coloured  plates. 


V.  Das  Central-nervenrsystem   von  Frotopterus   anneetens.     By  Dr 
Rudolph  Burckhardt.     Berlin :  Friedlander  &  Sohn,  1892. 

This  memoir  is  an  important  contribution  to  the  anatomy  of  the 
brain  and  spinal  cord  of  the  Dipndi.  It  has  been  worked  out  under 
very  favourable  conditions,  as  the  author  had  an  ample  supply  of  fiiesh 
material,  and  is  illustrated  with  five  plates.  He  regards  the  brain  of 
Protopterus  as  a  link  between  the  Selachian  and  Amphibian  braio. 


BRAIN  OF  THE  LATE  GEORGE  GROTE,  by  Professor  JohnIMabsball. 

October  1892. 
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ON  THE  RUDIMENTARY  HIND-LIMB  OF  A  GREAT 
FIN- WHALE  (Balcenoptera  musculus)  IN  COMPARL 
SON  WITH  THOSE  OF  THE  HUMPBACK  WHALE 
AND  THE  GREENLAND  RIGHT- WHALK  By  John 
Struthers,  M.D.,  LL.D.    (Plates  XVn.-XX.) 

I  EMBRACED  this  fevourable  opportunity^  of  endeavouring  to 
ascertain  what  interpretation  can  be  given  to  the  occunence  of 
a  part  apparently  so  rudimentary  as  a  thigh-bone  of  about  the 
size  of  a  pigeon's  egg  in  a  great  whale ;  whether  any  definite 
function  can  be  assigned  to  it,  or  whether  it  must  be  interpreted 
as  a  vestige  only.  This  inquiry  could  be  conducted  to  a  satis- 
factory conclusion  only  by  a  searching  dissection  of  the  parts  in 
the  neighbourhood  as  well  as  of  the  more  immediate  connections. 
A  large  mass,  of  the  whole  thickness  of  the  abdominal  wall, 
including  all  the  pelvic  parts,  was  cut  out  of  the  carcase  and 
preserved  so  as  to  keep  the  tissues  fit  for  dissection.  Full-sized 
drawings  were  made  as  the  dissection  went  on,  and  these  are 
now  reduced  to  J  in  the  figures.  Plates  XVIL,  XVIIL,  XIX., 
and  XX.     It  will  greatly  facilitate  the  reading  if  these  draw- 

^  History  of  this  Whole,  It  was  found  stranded  on  the  beach  at  Nairn  on 
Dec.  18,  1884.  By  communications  from  my  former  pupil  Dr  Brodie  Cruick- 
shank,  of  Nairn,  and  my  friend  Mr  Alex.  Macfarlane  of  the  Custom  House  there, 
I  inferred  that  it  was  a  Bazorback  (B.  musculus).  It  was  sold  to  Mr  Davidson, 
oil-merchant,  Aberdeen,  for  £6  ;  the  nett  proceeds,  after  deducting  expenses  and 
salvage,  accruing  to  the  Crown  being  £1,  158.  5d.  It  was  towed  round  to  Aber- 
deen on  February  2.  The  landing  was  a  difficult  operation.  The  endeavour  to 
drag  it  up  the  bank  of  the  river  on  rollers,  20  horses  yoked  to  the  ropes,  having 
failed,  it  was  towed  round  to  the  sheer-poles  at  the  dock,  hoisted  iu  mid-air  with 
tackle  fastened  round  the  tail,  placed  on  a  series  of  large  waggons,  and  dragged 
on  them  by  two  dozen  of  horses  and  a  large  number  of  men  to  the  recreation 
grounds  for  exhibition.  The  carcase  was  sufficieDtly  fresh  to  enable  me  to  give  a 
satisfactory  demonstration  of  the  characters  of  this  species  to  my  students.  I 
purchased  and  macerated  the  bones  for  the  University,  and  the  skeleton  was 
mounted  in  portions,  but  not  yet  as  a  whole,  when  I  left  Aberdeen.  It  was  the 
bones  of  this  B.  mtueulua  that  I  gave  the  measurements  of,  in  comparison  with 
those  of  the  40-feet-long  Megaptera  longimana,  in  my  account  of  the  latter,  in 
This  Journal,  1887-8-9. 
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ings,  with  the  accompanying  explanation^  are  first  looked  at 
I  am  now  able  to  give  at  the  same  time  a  comparison  of  the 
parts  with  the  corresponding  parts  in  the  Humpback  Fin- 
whale  {Megaptera  longimana)  and  in  the  Greenland  Right- 
whale  (Baloena  mysticetua).  As  my  accounts  of  the  dissection 
of  these  whales  have  at  different  times  all  appeared  in  this 
Journal,  and  as  the  comparison  implies  frequent  reference  to 
them  and  to  the  accompanying  drawings^  the  references  may  be 
given  simply  as  (Megaptera,  1887-8-9)  and  (Mysticetus,  1881). 
The  parts  of  the  text  relating  to  comparisoD  with  these  other 
whales  are  placed  within  [  ]  brackets.  Reference  will  also  be 
made  to  my  account  of  the  pelvic  bone  and  femur,  with  figures, 
of  a  64-feet  long  B.  musculus  in  this  Journal  (vol.  vi.,  1871). 
The  B.  musculus  now  to  be  noticed,  also  a  male,  was  50  feet  in 
length.  A  preliminary  notice  of  this  dissection  was  given  at  the 
meeting  of  the  British  Association  in  Aberdeen  in  September 
1885,  by  which  time  all  the  dissections  now  to  be  described  had 

been  made. 

Parts  noticed,  and  Order, 
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I.  Pelvic  Bone  and  Femur, 
Measurements  of  the  Pelvic  Bone  and  Femur. 

The  following  Table  gives  these  measurements,  in  inches,  in 
this  50-feet-long  B.  musculus,  and,  for  comparison,  in  the  64- 
feet-long  B.  musculua  The  breadths  (transverse)  and  thick- 
nesses (vertical)  show  the  change  of  form  of  the  anterior  and 
posterior  parts  of  the  pelvic  bone  at  different  parts.* 
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^  The  measurements  of  the  femur  and  pelvic  bone  in  the  50-feet-long  B. 
musculus  include  the  periosteum,  which  is  ^  inch  thick  on  the  femur,  and  -^  to 
4  incb  on  the  pelvic  bone.  About  J  inch  has,  therefore,  to  be  deducted  from  the 
breadth  and  thickness  of  the  femur  of  it,  as  given  in  the  Table,  for  exact  compari- 
son with  the  femur  of  the  64-feet-long  one.  The  pelvic  bone  and  femur  of  the 
latter  are  cleaned  and  dried.  The  measurements  of  the  anterior  and  posterior 
portions  of  the  pelvic  bone  are  taken  from  the  middle  of  the  outer  border  of  the 
promontory  to  the  tip  of  each.  The  length  of  the  cartilages  is  taken  from  the 
end  of  the  ossified  part,  ascertained  by  passing  in  needles,  not  from  where  the 
cartilage  overlaps  the  rounded  end  of  the  bone,  which  may  be  as  much  us  ^  inch 
on  the  surfaces,  and  f  inch  on  the  borders.  There  is  slight  a-symmetry  on  some 
of  the  measurements.  The  right  2>elme  heme  is  i  inch  longer  than  the  left,  seen 
on  its  ossified  part  as  well  as  on  the  total  length.  The  left  is  i  inch  broader  than 
the  right  at  the  promontory.  In  the  Table  the  mean  is  given  for  these  measure- 
ments. The  i  inch  thickness  of  the  femur  given  in  the  Table  is  that  of  the 
right,  that  of  the  left  is  ^  inch  less.  I  obtained  the  bones  only  of  the  left  side 
of  the  64-feet-long  B.  musculus. 
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(A)  The  Pelvic  Bone. 

The  differences  presented  by  the  pelvic  bone  in  these  two 
specimens  of  B.  musculus  (figs.  8  and  9)  are  so  striking  that,  on 
first  sight,  they  might  be  taken  as  belonging  to  different  species. 
But  the  differences  are  owing  merely  to  prolonged  ossification 
at  the  anterior  and  posterior  ends.  At  the  promontory,  and 
for  three  inches  before  and  two  inches  behind  it,  the  central 
region  of  the  bone,  the  dimensions  correspond  closely.  Not- 
withstanding the  seeming  greater  breadth  at  the  promontory  iu 
the  younger  specimen,  the  breadth  exceeds  that  in  the  older 
specimen  by  only  ^  inch,  allowing  |  inch  for  the  periosteum 
still  on  the  former.  The  enormous  elongation  in  the  older 
specimen,  giving  a  length  more  than  twice  that  in  the  other 
(lOJ,  23)  is  more  than  one  would  expect  in  the  growth  of  an 
individual  from  50  to  64  feet,  being  an  increase  of  between  a 
fourth  and  a  third  on  the  length. 

In  the  older  specimen,  the  anterior  portion  or  beak  of  the 
bone  shows  great  difference  in  form  on  its  anterior  half,  becom- 
ing much  flattened    laterally,  in  contrast  with  the  vertical 
flabtening  of  the  central  region  of  the  bone.     The  measure- 
ments of  the  anterior  portion  of  the  bone  show  that,  at  its 
middle,  the  thickness  has  already  begun  to  exceed  the  breadth, 
and  that,  near  the  end,  the  thickness  is  thrice  as  great  as  the 
breadth,  so  that  the  terms  thickness  and  breadth  might  here  be 
reversed.     What  is  the  inner  border  opposite  the  promontory 
runs  forward  as  the  superior  and  inferior  borders  of  the  anterior 
portion,  and  the  outer  border  at  the  promontory  becomes  nearly 
lost  on  the  anterior  third  of  the  anterior  portion  of  the  bone. 
In  the  younger  specimen,  the  breadth  at  the  middle  is  still 
much  greater  than  the  thickness,  and,  near  the  end,  the  thick- 
ness is  only  about  a  third  greater  than  the  breadth.    The  outer 
border  does  not  fall  away  so  soon  as  in  the  older  specimen,  so 
that  in  the  younger  one  the  beak  maintains,  throughout  its  yet 
ossified  part,  a  prismatic  form,  more  marked  on  the  left  bone 
than  on  the  right.   But  the  increase  of  the  flat  internal  surface 
forwards  is  well  marked.     Thus,  the  part  corresponding  to  the 
laterally  much-flattened  anterior  half  of  the  beak  in  the  full- 
grown  specimen  is  not  yet  developed  in  the  younger  one. 

On  the  posterior  portion  of  the  bone,  in  the  older  specimen, 
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the  thickness  near  the  end  has  come  to  exceed  the  breadth  by  ^ 
inch,  but  in  the  younger  specimen  the  thickness  at  that  part  is 
less  than  the  breadth  by  i  inch.  In  the  latter  specimen,  the 
thickness  increases  a  little  (to  |  inch)  close  to  the  end,  on  the 
cartilage,  with  a  flattened  surface  on  the  inner  aspect.  In  the 
more  mature  specimen,  this  flattened  surface  begins  about  six 
inches  from  the  posterior  end,  bounded  by  the  bifurcation  back- 
wards of  the  inner  border  of  the  central  region  of  the  bone,  and 
the  outer  border  of  the  central  region  becomes  much  rounded 
off  on  the  posterior  third  of  the  posterior  portion  of  the  bone. 
Thus  its  thick  posterior  half,  which  gives  this  portion  of  the 
bone  its  robust  character  in  the  full-grown  specimen,  is  not  yet 
developed  in  the  younger  one.  The  flattened  inner  surface 
attaches  the  great  interpelvic  ligament  on  which  the  cms  penis 
is  set.    Both  of  these  specimens  are  male. 

Acetahvlar  Cartilage — (Figs.  4,  5  and  8,  a  c,  c). — It  is  very 
interesting  to  find  this  cartilage  present  in  B.  muscuius,  repre- 
senting the  socket  of  a  hip  joint,  although  the  vestigial  femur 
does  not  rest  on  it.  In  mysticetua,  in  which  I  first  met  with  iti 
the  neck  or  head  of  the  more  developed  femur  rests  on  it,  with 
a  synovial  cavity  between,  forming  a  true  hip  joint  Concealed 
by  the  periosteum  here,  as  in  mysticetua,  it  might  readily  be 
overlooked,  or  it  might  carelessly  be  taken  for  a  gi'owing  carti- 
lage of  the  promontory.  A  little  observation,  however,  shows 
that  it  is  not  the  latter,  but  that  it  corresponds  very  closely  to 
the  acetabular  cartilage  constant  in  my  specimens  of  mysiicetua 
(this  Jov/rrud,  1881,  p.  168,  17  and  18,  and  seen  in  fig.  11, 
a  €,  0,  of  this  paper).  On  comparing  it  with  one  of  these,  still 
preserved  moist,  the  correspondence  is  manifest.  In  this  B. 
muscuius  the  main  part  of  the  cartilage  lies  behind  the  pro- 
montory, on  the  under  aspect  of  the  bone,  forming  an  ovoid 
elevation,  like  a  broad  almond,  1  to  1^  inch  in  length,  f  inch  in 
breadth,  about  ^  inch  in  thickness  at  the  middle,  less  towards 
ihe  edges,  which  are  well  marked.  The  outer  edge  is  ^  inch 
from  the  border  of  the  bone,  the  bone  here  beginning  to  be 
excavated  for  the  cartilage.  On  raising  the  cartilage  from  the 
bone,  to  which  it  adhered  very  intimately,  the  bone  is  seen  to 
present  a  well-marked  though  shallow  fossa  corresponding  to 
the  above-mentioned  dimensions  of  the  main  part  of  the  carti- 
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lage.  The  periosteum  over  the  cartilage  is  very  thin,  and  so 
adherent  that  it  was  dissected  off  with  difficulty,  contrasting  in 
both  of  these  respects  with  the  periosteum  near  it  and  on  the 
rest  of  the  pelvic  bone. 

From  this  oval  and  convex  main  part,  the  cartilage  sends  a 
thin  prolongation  foi-wards  and  outwards  on  the  superficial  sur- 
face of  the  promontory,  as  far  as  the  border,  and  then  ceases, 
except  at  the  hinder  slope  of  the  promontory,  where,  as  in 
mysticetus,  a  thin  tongue,  about  |  inch  in  length,  goes  round 
the  border  for  about  J  inch  on  the  upper  aspect  of  the  bone. 
The  cartilage  is  thin  where  it  reaches  forwards  on  the  pro- 
montory and  very  thin  towards  the  border.     From  the  position 
of  the  main  part,  and  as  the  cartilage  does  not  cap  the  pro- 
montory like   a  growing  cartilage,   this  cartilage   cannot   be 
regarded  as  a  growing  cartilage  of  that  projection.    The  inner 
edge  of  its  prolongation  on  the  promontory  retains  some  thick- 
ness, and  here  it  gives  attachment  to  the  external  ligament  of 
the  femur.     Were  the  inner  edge  of  the  cartilage,  and  of  its 
forward  prolongation,  to  become  ossified,  a  bony  ridge  would  be 
formed  like  the  anterior  part  of  the  ridge  seen  on  the  bone  in 
the  64-feet-long  B.  musculus  to  which  the  now  dried  ligament 
of  the  femur  is  attached  (1871,  fig.  3),  and,  external  to  that 
ridge,  rough  depressions  are  seen  on  the  now  cleaned  bone,  sug- 
gesting that  this   cartilage   had   been  present      In  this  less 
mature  B.  musculus  the  locality  of  the  cartilage  is  marked  on 
the  bone  by  the  oval  fossa  for  the  main  part,  and  by  a  flat  area 
for  the  anterior  part,  the  latter  bounded  internally  by  a  sharp 
edge  corresponding  to  where  the  external  ligament  of  the  femur 
is  attached.     The  area  occupied  by  the  cartilage  in  my  speci- 
mens of  myaticetns  is  seen  on  the  macerated  bones. 

[The  presence  of  the  acetabular  cartilage  in  B.  musculus  is  the 
more  remarkable,  as  I  could  find  no  vestige  of  it  in  my  40-feet-long 
megaptera  (this  Journal^  vol.  xxii.,  1888,  p.  273  and  p.  279),  in  which 
the  femur  is  larger  and  longer  than  in  B,  musculus,  and  in  which  the 
ossification  of  the  pelvic  bone  is  not  so  advanced  as  it  is  in  this  B. 
musculus.  In  the  megaptera,  rather  internal  to  the  corresponding 
part  of  the  pelvic  bone,  there  is  an  elongated  elevation  of  the  bone 
to  which  the  external  ligament  of  the  femur  was  attached,  and  against 
which  the  cartilaginous  femur  may  have  loosely  rested,  but  there  is 
no  cartilage  whatever  there  or  on  the  promontory.] 
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(B)  The  Femur— (Fig,  8,  F,  and  other  figures). 

The  femur  is  of  a  generally  oval  form :  the  diameters,  stated 

generally,  are,  without  the  peri-chondrium,  length   1^   inch, 

breadth  1  inch,  thickness  |  inch.    The  surfaces  are  superior 

(deep)    and    inferior  (superficial);  the  borders,  anterior  and 

posterior;   the  ends,  external  (towards  the  promontory)  and 

internal.     The  oval  outline  is  not  quite  uniform,  the  broad 

posterior  border  showing  two  elevations,  separated  by  a  groove 

running  obliquely  outwards  and  upwards  between  them.    The 

internal  elevation  attaches  the  tendon  of  the  posterior  muscle ; 

the  external  elevation,  placed  well  towards  the  deep  surface, 

attaches  the  posterior  ligament  of  the  femur.    Where  this 

great  ligament  is  attached  in  raysticetua,  this  prominence  is 

generally  very  marked  on  the  bone.    The  outer  end  attaches 

the  external  ligament  of  the  femur;  a  fibrous  tuft  remains 

attached  to  the  inner  end,  and  to  this  tuft  were  attached  some 

of  the  muscular  fibres  to  be  noted  below  (p.  318). 

On  section,  the  femur  is  seen  to  be  entirely  cartilaginous, 
closely  enveloped  by  a  ^^  inch-thick  peri-chondrium.     The 
vascular  channels,  seen  by  the  naked  eye  to  permeate  abun- 
dantly the  much  larger  entirely  cartilaginous  femur  of  megapterct 
and  the  tibia  of  Ttiysticetus,  are  seen  in  the  femur  of  this  B. 
musculus  with  the  aid  of  a  lens.      In  the  64-feet-long  B. 
musculus,  the  femur,  2  inches  in  length,  is  ossified  in  its  outer 
or  posterior  three-fourths,  but  that  ossification  is  not  necessarily 
a  matter  of  age  is  seen  from  the  fact  that  in  the  67-feet-long  B. 
musculus,  also  a  male,  in  which  the  presence  of  a  femur  was 
discovered  by  Sir  W.  H.  Flower  {Pro.  Zoo,  Soc,  1866),  the  femur 
was  in  the  condition  of  a  cartilage,  1^  inch  in  length  by  f  inch 
in  breadth.    Variation  is  to  be  expected  in  parts  so  rudimentary. 
Ligaments  of  the  Femur. — The  ligaments   connecting  the 
femur  to  the  pelvic  bone  are  an  external,  a  posterior,  and  an 
interosseous.    (1)  External  ligament  (figs.  4,  5  and  8,  e,  I), 
Length,  on  superficial  surface,  f  to  1  inch ;  breadth  \  inch ; 
thickness   \  inch.     Attachments,  externally,  at  about  f  inch 
from  outer  edge  of  promontory,  being  at  the  ridge  bounding 
internally  the  forward  prolongation  of  the  acetabular  cartilage ; 
internally,  to  the  outer  end  of  the  femur,  running  further  on  the 
posterior  than  on  the  anterior  border.     Direction,  inwards  and  a 


298  DR  JOHN  STRUTHERS. 

little  forwards.     It  will  check  movement  in  that  direction,  and 
it  is  a  strong  ligament  for  so  small  a  femur.     (2)  Posterior 
ligament  (figs.  4,  6,  and  8,  p,  I),    Length,  on  superficial  surface, 
2^  to  2^  inches ;  breadth,  at  the  narrowest  part,  ^  inch,  expand- 
ing a  little  towards  the  femur  and  backwards  on  the  pelvic 
bone.      Thickness  about  half  that  of  the  external   ligament 
Its  attachment   at   the  femur  is   to  the    external   elevation, 
above  noticed,  on  the  posterior  border  towards  the  deep  surface. 
There  is  no  cartilage  or  special  roughness  on  the  pelvic  bone 
where  this  ligament  is  attached  to  it,  nor  is  the  ridge   that 
bounds  internally  the  fossa  for  the  acetabular  cartilage  con- 
tinued to  where  this  ligament  is  attached,  or  continued  back- 
wards beyond  the  fossa.      The  direction   of   the   ligament  is 
forwards  and  considerably  outwards.     It  is  a  strong  ligament, 
and  will  resist  forward  movement  of  the  outer  part  of  the 
femur.      (3)  Interosseous  ligament     This  short  ligament  is 
concealed  by  the  outer  part  of  the  femur  and  by  the  anterior 
part  of  the  posterior  ligament,  and  is  therefore  not  shown  in  the 
figures.     Length  under  |  inch,  breadth  ^  inch.     Its  direction 
towards  the  femur  is  a  little  forwards,  and  it  will  mostly  check 
forward  movement.     It  would  also  check  much  backward  move- 
ment of  the  outer  end  of  the  femur,  and  much  lifting  of  the 
femur  ofif  the  pelvic  bone,  but  the  latter  does  not  seem  to  be  a 
possible  movement  by  any  muscular  structure  present.    These 
three  ligaments  are  all  attached  to  the  outer  part  of  the  femur, 
and  might  be  taken  for  a  kind  of  capsule  to  the  head  of  the 
bone,  but  they  are  distinct  ligaments.     They  offer  strong  resist- 
ance to  inward  and  forward  muscular  traction  on  the  femur,  but 
not  to  backward  muscular  traction  on  the  inner  part  of  the  femur. 
In  the  64-feet-long  B.  musculus,  the  external  and  posterior 
ligaments  (fig.  9,  e,  p,  I)  form  one  large  triangular  ligament, 
bifurcated  posteriorly,  a  thinner  portion  filling  the  interval.    It 
is  attached  to  the  outer  or  posterior  end  of  the  femur,  and,  at 
the  pelvic  bone,  to  a  4-inch-long  ridge,  corresponding  to  the 
inner  boundary  of  the  area  for  the  acetabular  cartilage  in  this 
less  mature  B.  musculus,  with  a  prolongation  of  that  boundary 
backwards.     The  more  transverse  position  of  the  femur  in  this 
.50-feet-long  B.  musculus  may  account  for  the  ligament  being 
differentiated  in  it  into  two  distinct  ligaments. 
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[In  myBticetus  the  posterior  ligament  (fig.  11^  9^  Pf  I)  is  quite 
separate  and  very  large,  and  is  attached  to  a  usually  well-marked 
prominence  on  the  femur,  some  way  internal  to  the  head  and  neck  ; 
and  there  are  anterior  and  posterior  ligaments  of  the  head,  and  two 
interrosseous  ligaments  of  the  body  of  the  femur.  In  megaptera^ 
although  the  femur  is  placed  antero-posteriorly,  the  external  and 
posterior  ligaments  are  distinct  (fig.  10).  The  posterior  was  large 
and  bifurcated  backwards,  and  the  internal  limb  contained  a  true 
muscle.  An  appearance  to  the  naked  eye  of  muscular  streaks  in  the 
posterior  ligament  in  the  50-feet-long  B.  musculus  was  deceptive,  as 
shown  on  examination  under  the  microscope.] 

Position  and  Mobility  of  the  Femur. — The  femur,  with  its 
long  axis  directed  inwards  and  a  little  forwards,  has  the  follow- 
ing position.  Outer  end,  1^  to  If  inch  from  the  extreme  outer 
edge  of  the  promontory  of  the  pelvic  bone,  and  |  inch  distant 
from  the  nearest  part  of  the  acetabular  cartilage.  From  a  third 
to  a  half  of  the  breadth  (more  on  the  left  than  on  the  right  side) 
projects  in  front  of  the  anterior  border  of  the  pelvic  bone. 
Most  of  its  very  convex  deep  surface  thus  rests  on  the  pelvic 
bone ;  but  there  is  no  cartilage  on  the  pelvic  bone  here,  only  the 
usual  periosteum ;  nor  any  special  excavation,  but  only  the 
general  shallow  concavity  of  this  region  of  the  bone.  There  is 
no  synovial  membrane,  only  a  little  of  the  usual  cetacean  fat 
and  areolar  tissue,  and  part  of  a  muscle  mixed  with  fibrous 
tissue  (p.  319).  The  femur  slips  about  very  loosely,  except 
in  so  far  as  restrained  by  the  ligaments  above  noticed,  and  as 
retained  in  position  by  the  muscular  and  fibrous  structures  to 
be  noticed  below. 

II.  The  Muscles  and  other  Soft  PARTa 

Formation  of  the  Cetacean  Ferineum  and  fibroua  Pelvic 
Cavity. — Preliminary  definition  in  comparison  with  the  quad- 
rupedal pelvis  will  simplify,  and  the  accustomed  nomenclature 
of  human  anatomy  is  quite  applicable.  Fgures  1,  2,  and  3  may 
be  referred  to  generally.  Imagine,  in  the  human  body,  only  an 
elongated  ischium  to  be  present,  the  rest  of  the  bony  true  pelvis 
represented  by  fibrous  membrane ;  the  pubic  arch  and  symphysis 
to  be  represented  by  a  fibrous  band,  and  the  perineum  to  be 
bounded  behind  by  a  fibrous  band  in  the  position  of  the  lower 
edge  of  the  great  sacro-sciatic  ligament.  There  is  thus,  in  the 
cetacean,  a  large  oval  or  elliptical  gap  in  the  abdominal  wall 


300  DR  JOHN  STRUTHERS. 

representing    the  pelvic   cavity   and    perineum.      The     I>art6 
presented  on  dissection  from  the  surface  are  those  of  the  peri- 
neum, having  a  narrow  bar  of  bone,  the  pelvic  bone,  along^  part 
of  each  side.    Although  there  is  no  bony  pelvis  above  the  peri- 
neum, there  is  a  soft-walled  pelvic  cavity,  formed  at  the  sides 
by  the  longitudinal  muscular  masses,  and  before  and  behind  by 
the  convergence  and  meeting  of  these  masses ;  all  smoothly  lined 
by  a  veiy  strong  aponeurosis,  the  pelvic  fascia,  from  the  brim 
above  to  the  outlet  below.     At  the  outlet,  this  fascia  is  attached 
to  the  upper  edge  of  the  pelvic  bone  and  pre-pelvic  band ;  and  to 
the  lower  edge  of  the  bone,  and  to  the  pre-pelvic  band,  is  attached 
the  deeper  layer  of  the  strong  interpelvic  membrane,  thus  closing 
the  pelvis  and  giving  support  below.     The  wall  slopes  upwards 
and  inwards,  giving  the  cavity  the  form  of  a  funnel  reversed, 
so  that  while,  in  this  B.  musculus,  the  width  of  the  outlet  at  the 
anterior  end  of  the  pelvic  bones  is  10  inches,  that  of  the  inlet 
above  that  point  is  only  6  inches.     The  pelvic  cavity  has  a 
height  of  at  least  5  inches  above  the  pelvic  bone  as  the  parts 
lie  on  the  dissectiug-table,  probably  more  when  in  the  natural 
position.     The  upper  opening,  or  inlet,  of  this  soft-walled  pelvis 
receives  the  bladder  and  rectum.     The  outlet,  or  perineum, 
below,  a  large  ovoid  area,  is  divided  into  auterior  and  posterior 
parts  by  the  great  interpelvic  ligament,  each  about  14  inches  in 
length.     The  anterior  division,  broadly  heart-shaped,  is  bounded 
at  the  sides  by  the  pelvic  bones,  and  in  front  of  them  by  the 
band  connecting  the  anterior  ends  of  the  pelvic  bones,  the  pre- 
pelvic  band,  uniting  with  its  fellow  in  an  anterior  symphysis. 
The   posterior  division  is  bounded  laterally  by  a  post-pelvic 
band,  uniting  with  its  fellow  in  a  posterior  symphysis.     The 
posterior  or  rectal  division,  described  as  the  rectal  fossa,  trans- 
mits the  rectum,  emerging  from  the  posterior  part  of  the  pelvic 
cavity,  into  which  it  is  bound  below  by  the  great  funnel-shaped 
levator  ani  muscle.     The  anterior,  or  genito-urinary,  division 
contains  in  the  centre  the  parts  of  the  penis  and  urethra  with 
their  muscles,  and  on  each  side  of  these  is  a  wide  space  (2  to  3 
inches  wide)  which  is  packed  with  a  mass  of  loose  areolar  tissue 
and  fat,  allowing  of  distention  of  the  central  parts,  or  of  compres- 
sion of  them  by  the  coming  inwards  of  the  movable  lateral 
boundary.     The  pelvic  bone  lies  at  and  bounds  the  two  posterior 
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thiids  of  the  genito-urinary  division.  The  distance  between  the 
right  and  left  pelvic  bone  is,  at  their  posterior  end  16  inches,  at 
their  anterior  end  10  inches. 

The  muscles  and  other  soft  parts  in  relation  with  the  pelvic 
bone  and  femur  may  be  considered  under  three  heads,  (a)  The 
relation  of  the  pelvic  bone  to  the  genital  organs,  (b)  The  muscles 
attached  to  the  pelvic  bone,  (c)  The  muscles  attached  to  the 
femur.  Previous  reference  to  the  figures  and  their  explanation 
will  greatly  facilitate  the  reader  in  following  the  account  of  the 
muscles  and  their  connections. 

(A)  Relation  of  the  Pelvic  Bone  to  the  Oenital  Organs. 

Chreat  Interpelvic  Ligament — ^This  great  ligament  is  seen  in 
figure  3  (i,  Q/passing  across  between  the  posterior  ends  of  the 
pelvic  bones,  supporting  the  crura  penis  and  attaching  muscles. 
Its  attachment  to  the  bone  is  at  the  end  and  to  f  inch  of  the 
inner  surface  (the  as  yet  cartilaginous  part),  here  flattened,  and 
from  this  it  is  continued  forwards  along  the  inner  side  of  the 
bone  as  a  thick  fascia.  The  length  of  the  ligament  between  the 
bone  and  the  cms*  penis  is  3  J  inches.  This  part  of  the  ligament 
is  divided  in  most  of  its  length  by  an  elliptical  interval  into  an 
anterior  and  posterior  part.  The  posterior  part  is  about  one 
third  of  the  bulk  of  the  anterior,  and  gives  attachment  along  its 
whole  length  to  the  inner  part  of  the  posterior  muscular  mass. 
The  interval  between  the  two  parts  appeared  as  if  it  had 
transmitted  blood-vessels.  The  anterior  part  is  the  interpelvic 
ligament  proper.  It  is  flattened,  like  a  leather  strap,  f  inch  by 
J  inch,  set  edgeways  on  the  pelvic  bone.  Along  its  inner  half 
it  gives  attachment  to  the  ischio-cavernosus  muscle.  The  two 
portions,  united  at  the  crus  penis,  are  1:^  inch  in  breadth.  The 
anterior  and  greater  part  of  this  fibrous  mass  joins  the  fibrous 
tissue  of  the  crus,  spreading  longitudinally  over  chiefly  the 
inferior  surface  of  the  cms,  and  contributing  to  the  great  thick- 
ness of  the  fibrous  wall  of  the  crus  here.  The  more  posterior 
portion  of  the  ligament  partly  joins  the  end  of  the  crus,  and 
partly  passes  behind  and  on  the  under  surface  of  the  crus  to  join 
the  triangular  ligament,  thus  joining  the  fibres  from  the 
opposite  pelvic  bone. 

The  Triangular  Ligament,  or  intercrural  ligament  (fig.  3,  t,  I), 
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occupies  the  space  between  and  connects  the  crura  penis,  is 
pierced  anteriorly  by  the  urethra,  and  is  in  part  concealed  on 
the  under  surface  by  the  bulb  of  the  corpus  spongiosum.  It  ia 
a  strong  structure,  behind  about  J  inch  thick,  thinner  towards 
the  hinder  edge.  For  its  posterior  inch  it  is  composed  of  unin- 
terrupted transverse  bundles.  In  front  of  this  it  sends  a  cover- 
ing of  transverse  bundles  over  the  bulb,  the  fibrous  covering  of 
which  is  J  inch  thick,  that  of  the  corpus  spongiosum,  in  front  of 
the  bulb,  being  only  ^  inch  thick.  At  the  sides  the  triangular 
ligament  becomes  continuous  with  the  longitudinally  directed 
fibrous  bundles  of  the  crura,  chiefly  with  the  thick  fibrous  plate 
on  their  under  surface.  The  strain  against  separation  of  the 
pelvic  bones  must  be  borne  chiefly  by  this  thick  fibrous  plate  ou 
the  cms,  through  its  connection  with  the  interpelvic  ligament 
externally  and  with  the  triangular  ligament  internally,  as  only 
a  comparatively  small  proportion  of  the  bundles  of  these  two 
ligaments  pass  across  behind  and  under  the  crura,  none  at  all  on 
the  dorsal  surface  of  the  crura.  On  its  upper  surface,  the 
triangular  ligament  attaches  the  bladder  around  where  the 
urethra  perforates  the  ligament.^ 

'  Note  on  the  Bladder. — What  I  saw  of  the  bladder  may  be  noted  here.  The 
attachment  to  the  triangular  ligament  is  5  inches  in  length,  an  inch  of  it  by  a 
median  fibrous  band,  by  1}  inch  in  breadth.  The  muscular  coat  of  the  bladder 
was  thicker  towards  the  neck,  but  nothing  resembling  a  prostate  gland  was  seen. 
The  muscular  coat,  fully  }  inch  thick,  was  composed  of  vexy  red  bundles,  but 
examination  with  the  microscope  showed  no  striped  fibres.  The  mucous  and 
sub-mucous  coats  were  pale,  in  contrast  with  the  red  muscular  coat,  about  i  inch 
thick,  and  very  distensible  and  elastic.  Length  of  bladder,  12  inches ;  breadth 
when  empty  and  flattened,  3  to  4  inches.  It  could  be  distended  at  the  middle  to 
form  a  ring  di^  inches  in  diameter,  not  more.  [In  my  account  of  Mysticetas 
reference  is  made  to  "  the  neck  of  the  bladder,  with  its  thick  red  muscular  walls, 
seen  under  the  microscope  to  be  composed  of  striped  fibre  "  (p.  305,  1881).  I  am 
unable  to  account  for  this  discrepancy  if  there  is  an  error.  On  referring  to  my 
notes  of  the  dissection  of  Mysticetus  I  see  that,  when  the  observation  under  the 
microscope  was  made,  I  had  still  remaining  a  portion  of  the  bladder  2  J  inches  in 
length  by  3^  inches  in  breadth,  attached  round  the  perforation  in  the  triangular 
ligament,  noted  as  with  **  very  thick  walls,  dark  red  muscular  fibres,  fuUy  striped 
under  the  microscope.  Central  cavity  lined  by  mucous  membrane,  admits  of 
being  much  dUated.  No  trace  of  seminal  ducts  or  of  anything  like  a  prostate." 
It  is  noted  that  large  red  muscular  bundles  join  the  bladder  to  the  interpelvic 
ligament,  around  and  near  the  aperture,  and  pass  on  the  surfaces  as  longitudinal 
bundles  and  also  in  part  as  circular  bundles.  The  muscular  fibres  of  this  part  of 
the  bladder  of  Mysticetus  were  undoubtedly  of  the  striped  kind.     I  do  not  think 
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[The  interpelvic  ligament  in  6.  musculus  is  not  so  large  a  structure 
as  in  Mjsticetus  or  in  Megaptera.  In  the  40-feet-long  megaptera 
the  ligament  was  1^  to  2  inches  in  breadth,  antero-posteriorlj,  and 
about  ^  inch  thick,  and  met  the  crus  penis  at  2 J  inches  from  the 
pelvic  bone.  This  greater  size  of  the  ligament  in  Megaptera  is  in 
adaptation  to  the  greater  breadth  of  the  penis  and  its  crura,  and  of 
the  ischio-cavemosus  muscle  {loc.  dt,  fig.  15).  The  ligament  is  still 
broader  and  thicker  in  mysticettis,  meets  the  crus  penis  much  sooner, 
and  sends  strong  bundles  across  the  dorsal  surface  of  the  crus  to  join 
those  from  the  opposite  pelvic  bone  on  that  aspect  of  the  triangular 
ligament.  The  crus  penis  and  the  muscle  are  much  larger  in 
Mjsticetus  (loc.  city  figs.  11,  12,  13,  and  14).^] 

(1)  Levator  ani  m/uecle, — This  great  muscle,  covering  the 
under  surface  and  part  of  the  sides  of  the  rectum,  seen  in  full 
view  in  fig.  1  (I,  a),  presents  a  funnel  shape,  tapering  back- 
warda  Length,  fully  12  inches;  breadth,  10  to  11  inches 
towards  the  fore  part,  6  to  7  inches  at  the  back  part ;  thickness, 
as  seen  on  section,  2  inches,  diminishing  to  1  inch  behind,  and 
thinning  a  little  also  towards  the  anterior  border.  It  arises, 
anteriorly,  for  two  to  thi^  inches  from  the  general  superficial 
aponeurosis  internal  to  the  position  of  the  pelvic  bone;  ex- 
ternally, from  the  great  interpelvic  ligament ;  and  chiefly,  along 
the  side,  from  the  poet-pelvic  band.  The  direction  of  the  great 
bundles  presented  by  the  muscle  may  be  noted  as  contrasting, 
except  at  the  fore  part,  with  their  direction  in  Megaptera. 

it  likely  that  the  fibres  I  placed  under  the  microscope  in  B.  musculus  were  taken 
from  the  superficial  bandies  prolonged  from  the  retractor  penis  muscle.  As  noted 
below  (p.  809)  these  are  pale,  and  very  unlike  the  deep  red  bundles  of  the 
muscular  coat  of  the  bladder.] 

^  Some  differences  of  the  crus  penis  in  B.  musculus,  as  compared  with 
Mysticetus,  may  be  noted  here.  In  this  50- Feet-long  B.  musculus,  the  erectile 
tissue  goes  back  close  to  tbe  posterior  end  of  the  crus.  There  it  is  about  the  size 
of  the  little  finger ;  forwards,  at  the  middle  of  the  crus,  it  is  about  the  size  of . 
the  transverse  section  of  a  hen's  egg.  The  fibrous  wall  on  the  free  under  surface 
of  the  eras  is  j  inch  thick.  In  the  35-feet-long  mysticettts  (loc.  cit.,  p.  302,  figs. 
11  and  12)  the  erectile  medulla  ceases  2  inches  from  the  posterior  end  of  the  crus, 
being  on  a  level  with  where  the  anterior  part  of  the  interpelvic  ligament  joins 
the  cms.  There,  beginning  abruptly,  it  is  about  the  size  of  the  fore-finger,  much 
larger  in  front  of  this.  That  is  in  the  collapsed  condition.  The  fibrous  cortex  of 
the  crus  is  nearly  1  inch  thick  on  the  under  surface.  The  crura  are  thus  much 
larger  and  more  firmly  supported  in  Mysticetus  than  in  B.  musculus,  and  are,  in 
addition,  in  Mysticetus,  completely  covered  and  supported  by  the  posterior  com- 
pressor muscle.  I  had  noted  of  megaptera  that  the  penis  is  much  broader  than 
in  this  B.  musculus,  and  of  the  crus,  that  at  its  conical  hinder  end  the  fibrous 
wall  was  1  to  i  inch  thick,  with  erectile  tissue  internally. 
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CurviDg  inwards  to  the  middle  line,  at  the  anterior  2  to  3 
inches,  the  direction  is  backwards;  then  a  few  pass  directly 
inwards ;  then,  along  the  great  part  of  the  muscle  the  direction 
changes  to  forwards,  increasingly  so  as  we  go  back,  and  curving 
with  the  concavity  backwards.  There  is  no  distinct  median 
raph^,  the  bundles  merely  interlacing  and  decussating  irregularly 
at  the  middle  line  below. 

At  the  anus,  for  about  2  inches,  the  anuugement  is  modified 
so  as  to  form  a  sphincter  muscle,  the  bundles  arising  on  each 
side  from  the  post-pelvic  band  passing  above  as  well  as 
below  the  bowel.  This  part  of  the  muscle  is  about  1  inch  in 
thickness,  increasing  iu  thickness  backwards  It  is  not  certain 
that  I  had  the  parts  quite  to  the  anus.  This  strong  red 
sphincter  ani,  or  recti,  contrasts  with  the  pale  J  inch  thick 
muscular  coat  of  the  bowel  in  front  of  it,  composed  chiefly  of 
circular  fibres,  but  covered  by  an  external  longitudinal  stratum. 

When  the  rectum  is  removed  a  long  deep  fossa  is  exposed, 
rectal  fossa,  shown  in  fig.  2  (r,  /).  This  is  the  rectal  portion  of 
the  pelvic  cavity,  directed  obliquely  backwards  and  downwards, 
about  13  inches  in  length.  The  sides  and  roof  are  formed  by 
the  posterior  muscular  mass  of  each  side,  lined  by  a  strong 
fascia.  The  fibres  of  this  fascia  pass  from  the  post-pelvic  band 
to  meet  in  the  middle  line  of  the  roof,  those  along  the  posterior 
8  inches  with  a  definite  direction  inwards  and  backwards.  Iu 
this  fossa  the  rectum  will  be  compressed  by  the  levator  ani 
muscle  below,  and  at  the  sides  and  above  by  the  contraction  of 
the  posterior  muscular  mass.  The  rectum  is  surrounded  by 
loose  areolar  tissue  and  fat. 

The  post-pelvic  band,  above  referred  to,  is  shown  on  the  sur- 
face in  fig.  1  along  the  side  of  the  levator  ani  muscle,  and  in  fig. 
2  (po,  p)  as  the  boundary  of  this  part  of  the  pelvic  outlet.  In 
front  it  is  connected  to  the  hinder  end  of  the  pelvic  bone  and 
with  the  great  interpelvic  ligament.  At  the  latter  connection 
it  is  continuous  with  the  fibrous  ridge  on  the  crus  penis,  there 
and  for  several  inches  backwards  bounding  and  attaching  the 
bulbo-cavernosus  muscle.  Behind,  it  joins  its  fellow  in  a  pos- 
terior symphysis,  where  the  right  and  left  posterior  muscular 
masses  meet  mesially,  thus  bounding  the  outlet  of  the  pelvis. 
Deeply,  it  is  continuous  with  the  fibrous  wall  of  this  part  of  the 
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pelvic  cavity.  Superficially,  it  is  connected  inwards  with  the 
fascia  on  the  surface  of  the  levator  ani,  outwards  with  the  thick 
fascia  on  the  surface  of  the  posterior  muscular  mass.  The  post- 
pelvic  band  is  a  strong  structure,  and  is  important  as  a  boundary 
and  as  giving  origin  to  several  muscles. 

[In  niegapteray  all  but  a  few  of  the  anterior  bundles  of  the  levator 
ani  muscle  are  directed  obliquely  backwards  to  the  middle  line  below, 
where  they  decussate  irregularly.     None  of  it  appeared  to  go  on  the 
upper  surface  of  the  rectum  till  near  the  anus,  and  there  the  bundles 
decussate  obliquely  and  pass  round.     The  reason  for  the  backward 
direction  of  the  bundles  of  the  great  body  of  the  muscle  appears  to 
be,  that  the  bulk  of  the  muscle  arises  from  the  interpelvic  ligament 
and  end  of  the  pelvic  bone.     I  have  no  note  of  the  presence  of  such  a 
structure  as  the  post-pelvic  band,  subsequently  found  in  B.  musculus, 
giving  continued  origin  backwards  to  the  levator  ani;  but  the  posterior 
muscular  mass  is  noted  as  meeting  its  fellow  in  a  median  septum, 
just  behind  the  anus.     In  the  figure  given  of  megaptera  {loc.  cit,  fig. 
15),  only  the  anterior  part  of  the  muscle  is  shown.     In  mysticetuti 
( loc,  eit.,  fig,  1 3)  also  only  the  anterior  part  of  the  muscle  is  shown.    The 
back  part  of  the  muscle  had  been  mutilated.     The  anterior  part  is 
seen  to  arise  further  forwards  than  in  the  two  finuers,  carried  forwards 
by  the  horse-shoe  septum.] 

(2)  BvZbo-caver7i08U8  mnacle. — This  muscle  is  shown  in  full 
view  in  fig.  2  (fc,  c).     It  measures,  transversely,  7  inches  in 
front,  increasing   to   10   inches   behind;   antero-posteriorly,  3 
inches  at  the  middle,  increasing  to  6  inches  externally;  in 
thickness  at  the  anterior  border,  |  inch.    It  is  composed  of 
large  red  bundles,  interrupted  at  the  middle  line  by  a  fibrous 
septum,  dividing  the  muscle  in  its  whole  length  and  thickness, 
and  showing  itself  on  the  surface  as  a  raph6  with  tendinous 
bundles  on  each  side.      For  comparison  with  its  greatly  de- 
veloped homologue  in  Mysticetus,  the  median  septum  may  be 
described  as  the  origin  of  the  muscle.     It  arises  also,  more 
deeply,  from  the  under  surface  of  the  great  interpelvic  ligament. 
The  external  attachments  of  the  muscle  are,  posteriorly,  to  the 
post-pelvic  band  above   described;    anteriorly,  including  the 
thicker  part  of  the  muscle,  to  the  crus  penis,  on  which  it  is 
separated  by  a  firm  fibrous  ridge  from  the  attachment  of  the 
ischio-cavernosus  muscle  to  the  crus.      The  direction  of  the 
bundles  is,  at  the  anterior  part,  a  little  backwards,  towards  the 
back  part  very  much  backwards.    The  deep  surface  is,  anteriorly, 
entirely  adherent  to  the  crura  penis  and  posterior  part  of  the 
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bulb;  posteriorly,  unattached,  in  relation  with  the  now  ex- 
panded retractor  penis  muscles.  The  superficial  surface  is 
concealed  in  more  than  its  posterior  half  (fig.  1),  by  the  levator 
ani  muscle,  and,  at  the  middle,  by  the  rope-like  retractor  penis 
muscles,  now  becoming  flattened  before  they  turn  round  the 
posterior  border  of  the  bulbo-cavernosus.  Where  this  muscle 
and  the  levator  ani  are  attached  to  the  post-pelvic  band  the 
bundles  might  seem  to  be  continuous,  as  if  forming  a  circular 
muscle,  but  they  are  not  really  continuous.  Fig.  1  sho\?s 
the  elliptical  space  between  these  two  muscles  through  which 
the  two  rope-like  retractors  pass.  The  actions  of  the  bulbo- 
cavernosus  muscle  must  be  to  draw  the  crura  penis  and,  through 
the  interpelvic  ligament,  the  pelvic  bones  towards  each  other; 
also  to  compress  the  back  part  of  the  bulb  and  of  the  crura»  and 
to  give  general  support  to  the  penis. 

(3)  Ischio-cavemosus  Tnuecle. — This  large  muscle  is  showu, 
on  the  under  aspect,  in  full  on  both  sides  in  fig.  2  (i  c),  on  the 
right  side  in  fig.  3,  and  in  part  on  both  sides  in  fig.  1.     Length, 
at  the  outer  side,  11  inches ;  greatest  breadth,  on  the  surface,  3 
inches ;  breadth  on  section,  2  to  2^  inches.    Though  the  name 
is  homologically  correct,  the  muscle  has  no  direct  connection 
with  the  pelvic  bone  in  B.  musculus.     The  more  external  part 
arises  from  more  than  the  inner  half  of  the  great  interpelvic 
ligament  by  a  series  of  thin  tendinous  laminae,  the  more  internal 
and  deeper  bundles  from  the  outer  part  of  the  crus  penis  on 
both  aspects.     The  bundles  pass  forwards  and  inwards  to  be 
inserted  into  the  corpus  cavernosum,  and  in  part  into  the  cm& 
The  cortex  of  the  part  of  the  crus  covered  by  and  attaching  the 
muscle  is  soft  and  compressible,  and  only  ^  inch  thick,  in  con- 
trast with  the  part  of  the  cms  not  covered  by  the  muscle.    This 
latter  part  of  the  cortex,  between  the  inner  edge  of  the  muscle 
and  the  bulb,  forms  a  hard  fibrous  plate  f  inch  in  thickness, 
marked  off  from  the  soft  part  by  a  strong  ridge.    This  ridge, 
overhanging  and  giving  origin  to  the  ischio-cavemosus,  rises  for 
f  inch,  is  at  the  base  |  inch  thick,  and  tapers  to  a  blunt  margin. 
This  fibrous  ridge  (shown  on  the  left  crus  in  fig.  3)  will  be  seen 
to  correspond  to  the  horse-shoe  septum  in  Mysticetus.     The 
ischio-cavernosus  muscle,  thus,  in   B.  musculus,   is   far  from 
extending  inwards  to  meet  its  fellow  of  the  opposite  side  on 
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either  aspect.  The  interval  on  the  under  aspect  is  seen  in 
fig.  2,  bounded  by  the  inwardly  convex  border  of  the  muscle. 
On  the  dorsal  aspect,  there  is,  along  the  posterior  7  inches,  a 
wide  triangular  interval,  bounded  by  the  inwardly  concave 
border  of  the  muscle,  and  along  the  anterior  4  inches  a  narrow 
interval,  1^  inch  broad,  bounded  by  a  straight  border  of  the 
muscle.  At  the  back  part  of  the  triangular  interval  are  seen, 
besides  part  of  the  crura,  the  neck  of  the  bladder,  and  the 
triangular  ligament  between  the  crura.  In  regard  to  the  action 
of  this  muscle,  the  deeper  bundles,  attached  on  the  surface  of 
the  soft  part  of  the  cms  and  at  their  other  end  to  the  inter- 
pelvic  ligament  behind  or  to  the  corpus  cavemosum  in  front, 
should  at  first  have  the  effect  of  dilating  the  wall  of  the  erectile 
medulla;  but  the  swelling  of  the  contracted  muscle  should 
rather  have  a  compressing  influence  when  the  cms  is  distended. 
The  general  action  of  the  muscle  along  with  its  fellow,  and  with 
the  bulbo-cavernosus  muscle,  forming  together  a  muscular 
triangle,  should  be  to  grasp  and  support  the  crura  and  corpora 
cavernosa  during  erection. 

[Comparison  of  the  Butho-cavernoims  and  hchio-eavemoms  musdes 
in  B,  musculusy  Afegaptera,  arid  Mysticetm, — The  interpretation  of  the 
vast  muscles  hero  in  mysticetus,  and  of  the  fibrous  structure  I 
described  as  the  ^*  horse-shoe  septum,"  is  made  clear  by  this  subse- 
quent dissection  of  B.  musculus.  The  "great  compressor  muscle" 
in  mysticetus,  enveloping  in  one  great  muscular  covering  all  the 
parts  of  the  penis  here  (1881,  figs.  13,  14,  15),  with  median  raphe  on 
both  aspects,  I  had  interpreted  as  comprehending  a  great  ischio-caver- 
nosus  muscle,  and  also,  in  the  part  arising  from  the  inferior  median  raphe, 
a  bulbo-cavernosus  muscle,  while  the  homology  of  the  "  posterior  com- 
pressor muscle,"  separated  from  the  great  compressor  by  the  horse-shoe 
septum,  was  not  evident.  It  is  now  evident  that  the  posterior  com- 
pressor of  mysticetus  (1881,  fig.  13,  m)  is  the  bulbo-cavernosus  muscle, 
much  more  developed  forwards  than  in  B.  musculus,  so  as  to  cover  the 
whole  of  the  bulb  and  greater  part  of  the  crura.  The  posterior  bundles 
have  a  nearly  transverse  direction,  the  succeeding  bundles  a  direction 
more  and  more  forwards,  to  be  inserted  into  the  cms  and  the  horse- 
shoe septum.  The  great  anterior  compressor  of  mysticetus  is  the 
ischio-cavernosus,  arising  not  only  extensively  from  the  pelvic  bone, 
but  inwards  from  the  horse-shoe  septum,  and  from  the  median  raphe 
on  the  under  aspect,  the  whole  passing  to  be  inserted  into  the  dorsal 
median  raphe  and  corpus  cavemosum. 

It  becomes  evident,  too,  that  the  horse-shoe  septum,  attaining  a 
depth  of  2  to  2  J  inches,  is  but  a  greater  development  of  the  fibrous 
ridge  on  the  side  of  the  crura  in  B.  musculus,  the  ridge  being,  in 
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mysticetus,  carried  across  the  bulb,  or  corpus  spongiosum,  to  join  its 
fellow  of  the  opposite  side,  owing  to  the  inward  extension  of  the 
ischio-cavemosus  muscle  to  the  middle  line.  The  fibrous  ridge,  or 
septum,  on  the  crus  in  B.  musculus  may,  moreover,  be  regarded  as  a 
continuation  of  the  post-pelvic  band,  where  they  meet  at  the  posterior 
end  of  the  crus.  These  septa  together  form  the  lateral  and  anterior 
limits  of  the  bulbo-cavemosus  muscle  in  B.  musculus,  as  the  horse- 
shoe septum  does  in  mysticetus.  The  horse-shoe  septum  begins  within 
the  posterior  end  of  the  pelvic  bone,  and  along  its  posterior  half 
attaches  the  anterior  part  of  the  levator  ani  muscle  (1881,  fig.  13,  t), 
just  as  the  anterior  part  of  the  post-pelvic  band  does  in  R  musculus. 
I  had  not  the  opportunity  of  dissecting  the  parts  further  back  in 
mysticetus. 

The  correspondence  of  these  two  muscles  (ischio-cavemosus  and 
bulbo-cavemosus)  in  mysticetus  and  in  B.  musculus,  however  unlike 
they  are  at  first  sight,  is  therefore  clear.  The  mass  of  these  muscles, 
great  as  it  is  in  B.  musculus  compared  with  the  size  of  the  crura  and 
corpora  cavernosa,  is  actually  several  times  greater  in  the  but  half- 
grown  mysticetus  described  and  figured.  The  action  of  these  two 
muscles  in  mysticetus,  in  compressing  all  the  parts  of  the  penis  here, 
and  in  giving  support  to  the  root  of  the  penis  during  erection,  is 
evident. 

In  megaptera  the  ischio-cavemosus  muscle,  though  with  the  same 
general  arrangement,  is  much  larger  than  in  B.  musculus,  especially 
in  breadth  (1888,  fig,  15,/),  in  accordance  with  the  greater  extent 
of  the  interpelvic  ligament  and  greater  breadth  of  the  penis.  The 
breadth  was  about  twice  that  in  B.  musculus.  The  broad  interval 
between  the  right  and  left  muscle,  on  the  under  aspect,  is  seen  in 
the  figure.  On  the  dorsal  aspect,  they  approach  within  \  inch  of 
each  other  along  the  posterior  3  inches,  then  diverge  forwards  for  the 
remaining  7  inches,  leaving  a  white  triangular  interval,  the  base 
formed  by  the  whole  breadth  of  this  aspect  of  the  penis.  This  may 
be  compared  with  the  figure  (14,  Z,  1881)  given  of  the  dorsal  aspect 
of  the  muscle  in  mysticetus,  in  which  the  greater  part  of  the  muscle 
is  seen  to  meet  its  fellow  in  a  median  raph^  and  septum,  the  anterior 
part  separated  from  its  fellow  by  a  narrow  interval.  I  estimated  the 
total  bulk  of  this  muscle  in  megaptera  as  equal  to  twice  that  of  an 
average  human  gluteus  maximus  muscle,  but  that  falls  far  short  of 
the  bulk  of  the  muscle  in  mysticetus.  The  great  size  of  these 
muscles  in  the  cetacea — in  each  of  these  whales  the  ischio-cavemosus 
muscle  thicker  than  the  penis — may  be  in  adaptation  to  the  crura 
penis  being  set  upon  the  interpelvic  ligament,  instead  of  on  the 
bone,  and  to  the  pelvic  bone  itself  not  being  a  fixed  part  of  the 
skeleton. 

I  referred  to  the  bulbo-cavemostu  muscle  in  megaptera  very  shortly 
as  the  **  transversus  perinei"  (1888,  p.  275).  The  part  of  it  shown 
in  the  figure  (15,  dd,  1888)  is  the  posterior  border,  but  the  muscle, 
with  the  same  general  appearance  as  in  B.  musculus,  faced  somewhat 
diffierently.  In  my  notes  it  is  described  as  having  one  surface 
applied  against  the  bulb  and  crura,  the  other  towards  the  rectum.    I 
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infer  from  my  notes  that  the  muBcle  was  turned  in  part  in  behind 
the  interpelvio  ligament,  so  that  the  small  part  shown  in  the  figure 
just  referred  to  was  the  inferior  as  well  as  the  posterior  border.  The 
muscle  in  megaptera  was,  as  far  as  I  can  judge,  about  the  same  size 
as  in  B.  musculus,  not  larger.  It  is  noted  that  the  bundles  passed 
across  without  any  median  raph^,  but  the  raph^  may  have  been 
overlooked,  from  the  condition  of  the  parts  here,  which  were  not  so 
&esh  as  in  my  subsequent  dissection  of  B.  musculus. 

The  separate  bundle,  about  the  bulk  of  the  little  finger,  noted  in 
the  dissection  of  mysticetus  (1881,  p.  307)  as  passing  across  just 
behind  the  bulbo-cavemosus,  between  the  ends  of  the  crura  penis, 
without  median  interruption,  was  not  seen  in  megaptera  or  in  B. 
musculus.  But  the  crura  in  mysticetus  form  free  conical  projections 
behind  the  interpelvio  ligament  (figs.  11  and  12,  1881),  which  may 
account  for  the  development  of  this  separate  bundle.] 

(4)  Retractor  penis  musde. — This  muscle,  shown  in  this  B. 
musculus  in  fig.  1  (r  r),  in  Megaptera  (1888,  fig.  15  e  e\  and  in 
Mysticetus  (1881,  fig.  13  k  k),  has  the  same  arrangement  in  all 
these  whales.  Passing  back,  as  a  soft  rope-like  structure,  close 
to  its  fellow,  on  the  under  surface  of  the  penis  and  its  muscles, 
it  sinks  in  between  the  levator  ani  and  the  bulbo-cavemosus 
muscles,  and  breaks  up  into  its  bundles  of  origin.  In  this  B. 
musculus  some  of  the  bundles  passed  backwards  on  the  rectum ; 
most  of  them  turned  upwards,  some  to  be  attached  to  the 
posterior  edge  of  the  interpelvic  ligament,  and  some  were 
continued  forwards  on  the  bladder,  for  3  or  4  inches  on  its 
upper  surface,  as  a  pale  continuous  layer,  contrasting  with  the 
red  filres  of  the  muscular  coat  of  the  bladder.  It  is  composed 
of  pale  unstriped  muscular  fibre  mixed  with  areolar  tissue, 
enclosed  in  a  fibrous  sheath.  It  was  dissected  foi-wards  in 
Megaptera,  and  seen  to  begin  behind  the  middle  of  the  penis 
to  be  inserted  gradually  along  its  outer  edge,  the  inner  part 
passing  much  further  forwards. 

(B)  Muscles  dttached  to  the  Pelvic  Bone. 

The  Superficial  Interpelvic  and  InterfemoraZ  Membrane 
(Perineal  Fascia). — This  is  a  thickened  part  of  the  general 
aponeurosis  of  the  region.  It  is  figured  with  Megaptera  (1888, 
fig.  15,  k  k)y  but  a  more  extended  view  was  obtained  in  this  B. 
musculus,  fig.  1,  iu  which  it  was  3  feet  in  length  from  the  anus 
forwards.  The  general  aponeurosis  is  seen  posteriorly  to  be 
attached,  at  the  side  of  the  levator  ani  muscle,  to  the  post-pelvic 
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band.  lu  front  of  this  it  passes  across  between  the  pelvic  bones, 
covering  them  and  extending  outwards  beyond  them  over  the 
anterior  muscular  mass.  The  position  of  the  pelvic  bones  and 
femur  is  shown  by  the  dotted  lines  in  the  figure.  Here,  between 
the  aaterior  portion  of  the  bones  and  for  some  way  iu  front  of 
them,  the  aponeurosis  is  greatly  thickened  and  forms  the  inter- 
pelvic  membrane  proper.  The  thickness  is,  over  the  posterior 
muscular  mass,  about  ^  inch ;  external  to  the  pelvic  bone,  about 
^  inch ;  at  the  special  interpel vie  part,  ^  to  ^  inch.  This  thickened 
part  is  8  inches  in  length,  antero-posteriorly,  at  the  middle,  but 
the  concave  anterior  and  posterior  margins,  as  seen  in  the  figure, 
are  not  natural  edges  but  the  stages  at  which  the  special  thick- 
ening begins.  The  window  shown  in  the  figure  between  the 
membrane  and  the  levator  ani  is  closed  by  a  thinner  portion  of 
the  membrane.  The  coarse  bundles  of  white  fibrous  tissue 
composing  the  membrane  are  transverse,  those  in  front  curving 
a  little  forwards,  those  behind  curving  very  much  backwards 
opposite  the  femur  and  behind  it  towards  the  back  part  of  the 
pelvic  bone.  The  thickening  of  the  part  connecting  the  femur 
inwards  suggests  a  strap,  and  here,  for  some  inches  internal  to 
the  femur,  is  inserted  a  considerable  muscle .  (tensor  fasciae) 
which  will  be  noticed  with  the  muscles  attached  to  the  femur. 

The  thick  part  between  the  pelvic  bones  shows  three  strata, 
separated  by  some  oily  fat,  which  outwardly  have  the  following 
connections.  The  superficial  stratum  passes  to  the  general  sur- 
face and  embraces  the  femur,  not  forming  a  distinct  capsule  for 
it,  but  joining  its  perichondrium  at  both  borders  and  at  both 
ends.  This  connection  is  a  further  means  of  keeping  the  femur 
in  its  place.  The  middle  stratum  is  in  part  attached  to  the 
pelvic  bone,  continuously  along  the  posterior  half,  more  broken 
up  along  the  anterior  half ;  and  in  part  passes  across  below  the 
bone  to  join  the  fibrous  septum  external  to  the  bone,  seen  in  fig. 
2.  This  crossing  is  especially  by  two  strap-like  bands,  the 
posterior  of  which  lies  between  the  fore  part  of  the  femur  and 
the  pelvic  bone.  The  deepest  stratum  is  attached  to  the  pelvic 
bone  at  the  inner  side,  and  in  front  of  this  to  the  neigh- 
bouring part  of  the  pre-pelvic  band,  and  may  be  said  thus  to  J 
join  the  fascia  lining  the  pelvic  cavity.  At  the  anterior 
part  of  the  pre-pelvic  band  the  continuity   with   the  pelvic 
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fascia  is  with  the  layer  of  the  general  aponeurosis  immediately 
investing  the  anterior  muscular  masa  The  penis  here  lies 
in  a  space  roofed  by  the  latter  and  bounded  below  by  the 
interpelvic  membrane.  The  uses  that  may  be  assigned  to  this 
strong  interpelvic  membrane  are,  assisting  to  resist  over-separa- 
tion of  the  pelvic  bones;  closing  the  outlet  of  the  anterior 
division  of  the  pelvis,  thereby  supporting  th^  penis  and  the 
viscera  above ;  and  assisting  to  retain  the  femur  in  its  place. 

[In  megaptera  the  arrangement  of  the  interpelvic  membrane  corre- 
sponded very  closely  to  that  above  described  in  B.  musculua  (1888^  p. 
277,  and  fig.  15).  The  larger  femur  renders  that  counection  more 
important.  In  the  dissection  of  the  megaptera^  the  following,  not  in- 
cluded in  my  account  of  it,  was  noted,  and  may  be  of  interest  here. 
There  was  a  subcutaneous  muscle  supporting  the  penis,  extending 
from  3  inches  behind  the  position  of  the  rudimentary  mammse  (which 
are  situated  2  feet  in  front  of  the  anus),  forwards  to  the  preputial 
opening  (1^  feet  in  front  of  the  mammae),  and  thus  supporting  the 
anterior  half  of  the  penis.  Its  thickness  at  the  edge  ci  the  prepuce 
was  ^  inch,  increasing  backwards  to  3  inches.  It  ended  in  tendinous 
tissue  3  inches  behind  the  mammary  pouch.  Its  bundles  arose  from 
a  median  rapb^,  were  directed  outwards  and  forwards,  the  obliquity 
increasing  at  the  anterior  part,  and  ended  in  the  fibrous  tissue  of  the 
wall.  This  subcutaneous  muscle  was  not  continuous  with  the  trans- 
verse muscular  layer  dissected  in  front  of  the  prepuce.  I  had  the 
latter  for  3^  feet,  to  in  front  of  the  lunbilical  fissure.  Its  bundles 
arose  from  a  median  raph^,  and  were  directed  transversely  outwards, 
except  behind,  where  they  curve  backwards  and  are  overlapped  a  little 
by  the  former  muscle.  This  anterior  subcutaneous  muscle  is  fully  1 
inch  in  thickness,  increasing  at  the  back  part  to  2  inches.  It  lay 
close  below  the  blubber,  and  there  was  a  layer  of  fat  1  inch  thick  on 
its  deep  aspect.  Both  of  these  superficial  muscles  looked  as  if  be- 
longing to  the  panniculus,  separated  by  the  preputial  opening,  the 
posterior  one  adapted  to  supporting  and  compressing  the  penis  and 
the  prepuce.  Behind  it,  that  supporting  function  is  served  by  the 
interpelvic  membrane,  the  thickening  of  which  between  the  pelvic 
bones  further  gives  it  the  ligamentous  function  of  tying  the  bones 
together.  The  interpelvic  membrane  and  the  compressor  muscle  may, 
perhaps,  be  regarded  as  the  same  stratum  histologically  changed.  In 
mysticetus  the  tubularly  developed  ischio-cavemosus  muscle  serves 
this  supporting  function  to  the  penis  opposite  the  pelvic  bones,  and 
for  a  considerable  distance  anterior  to  them.  If  any  special  inter- 
pelvic membrane  exists  in  mysticetus  it  had  been  removed;  but 
with  a  femur  so  much  longer  and  so  differently  placed,  any  such 
membrane  could  not  have  the  same  arrangement  as  in  the 
finners.] 

The  Longitvdinal  Muacvlar  Masses,  anterior  and  posterior 

— (Fig.  2,  a,  m,  m,  and  p,  m,  m). — ^These  enormous  masses  of 
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muscle  manifestly  could  not  find  attachment  to  parts  so  slender 
as  the  pelvic  boues.  Although  the  appearance  at  first  is  that 
they  pass  largely  along  the  pelvic  region,  it  is  not  so ;  they  are 
entirely  interrupted  by  attachment  mainly  to  fibrous  structures, 
in  less  part  to  the  pelvic  bone.  The  dissection  of  these  inter- 
mingled masses  of  muscle  and  fibrous  tissue  was  not  easy,  nor 
could  the  numerous  particulars  noted  in  the  course  of  the  dis- 
section be  given  so  as  to  convey  a  clear  idea.  But  the  follow- 
ing general  account  of  the  arrangement  may  be  sufficient, 
noticing  first  the  fibrous  structures  concealed  within  the  fleshy 
masses. 

Great  Intermuscular  Septa, — The  longitudinal  muscular 
masses  all  along  the  side  of  the  pelvis,  and  backwards  and  for- 
wards from  it,  are  divided  horizontally  into  an  upper  and  a  lower 
stratum  by  a  thick  sheet  of  white  fibrous  tissue,  stretching  out 
like  a  wing  from  each  side  of  the  pelvic  cavity  to  beyond  the 
pelvic  bone  and  on  a  plane  above  the  bone.  This  horizontal 
fibrous  plate,  as  it  may  be  termed,  is  of  great  extent  and  of 
great  thickness.  Behind  the  rectal  fossa,  it  was  traced  for  6 
inches  (as  £BLr  as  the  part  removed  for  dissection  allowed)  and 
was  there  attached  internally  to  the  deep  median  fibrous  sep- 
tum. The  median  septum  there  shows,  on  transverse  section,  a 
diamond-shaped  mass  of  fibrous  tissue  about  3  inches  vertically, 
joined  at  the  lateral  angles  by  the  fibrous  plate.  Forwards  from 
this,  along  the  side  of  the  rectal  fossa  and  for  two  inches  out- 
wards, the  thickness  of  the  fibrous  plate  was  1 J  inch ;  at  four 
inches  outwards,  f  inch,  diminishing  outwards  to  about  ^  inch. 
Inwardly  here  it  spreads  over  the  whole  rectal  fossa  giving  it  a 
fibrous  covering  J  inch  in  thickness,  lined  internally  by  the 
adherent  fascia  seen  on  the  inner  surface  of  the  fossa  (fig.  2). 
Along  the  anterior  region  of  the  pelvic  cavity  the  thick  inner 
edge  of  the  right  and  left  fibrous  plates,  continued  from  the 
raph^  at  the  roof  of  the  rectal  fossa,  form  the  boundary  of  the 
brim  of  the  pelvic  cavity,  at  first  curving  forwEwds  and  outwards^ 
and  then,  when  they  have  reached  the  part  of  the  cavity  in  front 
of  the  bones,  passing  more  directly  forwards.  The  fibrous  plate 
then  passes  forwards  above  the  pre-pelvic  band,  concealed  in 
the  anterior  muscular  mass.  At  the  side  of  the  cavity  the 
fibrous  plate  has  above  and  below  it  the  strata  of  the  iongi- 
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tudinal  muscular  mass,  covered  by  the  pelvic  fascia  passing 
down  to  be  attached  at  the  outlet  to  the  pelvic  bone  and  in 
front  of  that  to  the  pre-pelvic  band^  smoothly  lining  and  closing 
the  cavity  laterally  and  anteriorly. 

Opposite  the  anterior  region  of  the  pelvis  the  fibrous  plate 
passes  outwards  on  a  higher  level  than  the  pelvic  bone  and  to 
beyond  the  bone.  Here,  external  to  the  promontory,  the  fibrous 
plate  shows  itself  as  an  edge,  having  bent  dowu  to  interrupt  the 
lateral  longitudinal  muscles.  This  part  of  the  fibroul  plate  is 
seen  in  the  dissection  of  the  inferior  aspect,  as  a  free  edge  (fig. 
2,  8,  s)  passing  semicircularly  round  and  close  to  the  promontory 
of  the  bone,  from  6  inches  behind  the  promontory  forwards  and 
inwards  to  about  the  middle  of  the  beak  of  the  bone.  This 
part  may  be  referred  to  as  the  semicircular  septum.  It  has  an 
attachment  anteriorly  to  the  beak  of  the  bone,  and  sends  two 
small  bands  inwards  to  the  anterior  border  of  the  femur,  seen  in 
the  figure.  It  had  previously  given  off,  under  cover  of  the  outer 
edge  of  the  promontory,  bands  to  the  pelvic  bone,  directed 
inwards  and  forwards,  attached  on  the  upper  surface  of  the  bone 
two  inches  internal  to  the  promontory.  A  continuation  of  this 
septum  forwards  is  shown  in  the  figure,  seen  on  its  edge  on  the 
light  side,  exposed  on  the  left  side  (fig.  2,/  I),  separating  a 
superficial  longitudinal  muscle  from  the  neighbouring  part  of 
the  longitudinal  mass. 

This  great  fibrous  plate,  concealed  within  the  longitudinal 
muscular  masses,  thus  furnishes  an  extensive  surface  for 
muscular  attachment,  far  surpassing  that  of  the  pelvic  bone,  by 
which  together  the  continuity  of  the  entire  muscular  mass  is 
interrupted ;  and,  with  its  fellow  of  the  opposite  side,  serves  to 
form  a  more  definite  and  fixed  boundary  to  the  pelvic  cavity 
than  the  muscles  alone  would  have  formed.  It  may  be  said 
that,  while  the  pelvic  bone  and  post-pelvic  band  serve  the  pur- 
poses of  the  ischium,  the  great  fibrous  plate  and  the  pre-pelvic 
band  serve  the  purposes  of  the  ilium  and  pubes  of  the 
quadrupedal  pelvis. 

(1)  The  Posterior  muecvXar  masa. — The  anterior  attachments, 
besides  those  to  both  surhces  of  the  fibrous  plate,  may  be 
enumerated  as  follows.  Those  of  the  under  stratum  are  shown 
in  fig.  2  (p,  m,  m),  the  more  superficial  view  on  the  left  side 
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and  in  tig.  3  (p,  m,  m)  the  deeper  attachmeDts  are  seen.  They 
are,  from  within  outwards,  to  the  post-pelvic  baud  and  neigh- 
bouring part  of  the  wall  of  the  rectal  fossa;  aponeurotic  to 
the  great  interpelvic  ligament;  tendinous  to  the  end  of  the 
pelvic  bone ;  forwards  and  inwards  to  the  inner  part  of  the 
under  surface  of  the  pelvic  bone ;  by  a  tendon,  1 J  inch  long,  f 
inch  broad,  to  the  inner  half  of  the  posterior  border  of  the 
femur ;  external  to  the  promontory,  broadly  to  the  semicircular 
fibrous  sSptum;  fleshy  to  the  great  interpelvic  ligament,  and 
along  the  outer  border  of  the  bone  to  near  the  promontory ;  to 
the  promontory  by  a  narrow  tendon;  and  to  the  semicircular 
septum,  concealed  by  the  part  seen  in  the  figure  going  to  that 
septum.  The  first  mentioned  of  these  parts  is  seen  to  be  soon 
attached  behind  to  the  median  intermuscular  septum.  The 
attachments  of  the  upper  stratum  are  to  the  upper  surface  of 
the  fibrous  plate  and  to  the  fibrous  roof  of  the  rectal  fossa,  not 
to  the  pelvic  bone.  The  bulk  of  the  posterior  muscular  mass 
is  partly  shown  in  fig.  2  in  the  section  made  just  behind  the 
rectal  fossa.  The  section  is  that  of  the  under  stratum  only,  and 
measures  12  inches  by  4  inchea 

(2)  Tfie  Anterior  muscular  mass, — The  attachments  of  the 
under  stratum  are  shown  in  fig.  2  (a,  m,  m),  differently  dissected 
on  the  two  sides.  On  the  right  side  a  distinct  superficial  muscle, 
3  to  4  inches  broad,  is  seen  to  arise  behind  from  the  semicircular 
septum,  external  to  the  promontory,  and  to  be  separated 
anteriorly  from  the  rest  of  the  longitudinal  mass  by  the  edge 
of  the  septum  continued  forwards,  from  the  semicircular  septum. 
On  the  left  side  most  of  this  muscle  is  removed,  showing  the 
surface  of  the  septum  with  itfi  transverse  fibres;  and  to  the 
inside  of  the  latter  is  seen  a  portion  of  the  superficial  aponeu- 
rosis of  the  anterior  muscular  mass,  left  to  show  its  relation 
to  the  tensor  muscle  of  the  interpelvic  membrane.  The  attach- 
ments of  the  great  part  of  the  under  stratum,  besides  that  to 
the  concealed  fibrous  plate,  are,  from  within  outwards,  some 
bundles  to  the  pre-pelvic  band,  passing  shortly  between  it  and 
the  anterior  median  raph^ ;  to  the  anterior  half  of  the  beak  of 
the  pelvic  bone  ;  to  the  semicircular  septum,  for  3  inches  on  the 
surface  and  deeply  for  more  than  that ;  and,  external  to  this  (as 
shown  in  fig.  3,  a,  m,  m,  right  side),  by  a  tendon,  1 J  inches 
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broad,  to  the  bone  in  front  of  the  promontoiy.  This  tendon  is 
superficial  and  closely  adherent  to  the  semicircular  septum.  It 
is  not  shown  in  fig.  2,  in  order  to  show  the  course  of  the 
septum  and  the  fibrous  bands  to  the  femur. 

The  wpper  stratum  is  attached  to  the  fibrous  plate,  inwards 
to  the  brim  of  the  pelvis  and  outwards  to  above  the  pelvic  bone. 
This  stratum  is  connected  to  the  fibrous  plate  by  a  series  of 
tend<)ns  which,  if  described  backwards,  might  be  said  to  form 
the  fibrous  plate  by  their  expansion,  giving  the  fibrous  bundles 
of  the  anterior  part  of  the  plate  a  longitudinal  direction.  One 
of  these  tendous,at  the  anterior  half  of  the  pelvic  wall,  is  nearly 
as  thick  as  the  wrist  and  4  inches  in  length,  streaked  in  the 
interior  with  muscular  fibres,  and  gives  origin  to  a  great 
pyramidal  muscle  which  soon  blends  with  the  rest  of  the  mass. 
One  tendon,  mixed  with  muscular  fibre,  as  large  as  a  thick 
finger,  goes  outwards  and  backwards  to  join  the  fibrous  plate  in 
front  of  the  promontory  of  the  pelvic  bone.  Some  tendinous 
bands  are  attached  to  the  anterior  half  of  the  pelvic  bone  on  its 
upper  surface,  but  the  greater  part  of  the  upper  surface  of  the 
bone  is  not  occupied.  A  few  inches  in  front  of  the  pelvic  bone 
the  two  strata  (except  the  superficial  lateral  muscle)  blend,  the 
fibrous  plate  having  broken  up  and  ceased.  Fig.  2  shows  the 
bulk  of  the  anterior  mass  in  section,  at  6  inches  in  front  of  the 
pelvic  bone,  12  inches  broad  by  4  inches  deep,  but  I  am  not 
certain  that  this  gives  the  whole  depth  of  the  mass.  It  had 
been  noted  at  first  as  9  inches  by  6,  and  had  probably  become 
flattened  on  the  table  when  the  figure  was  drawn. 

In  regard  to  action,  the  posterior  mass  is  among  the  moving 
powers  of  the  long  caudal  region,  the  anterior  mass  belongs  to 
the  abdominal  wall.  Acting  reversely,  the  posterior  masses  will 
retract  the  pelvis  and  narrow  it ;  the  anterior  mass  will  advance 
the  pelvis,  its  action  in  either  narrowing  or  widening  the  pelvis 
will  depend  on  the  anterior  attachments  of  its  parts ;  the  whole 
acting  together  will  compress  the  abdomen  and  pelvis. 

The  pre-pdvic  band  (fig.  3,  pr,  6.)  connecting  the  anterior 
ends  of  the  pelvic  bones,  is  a  band  of  white  fibrous  tissue ;  at  the 
middle  on  each  side  ^  inch  thick,  much  thicker  at  the  middle 
line  where  it  joins  its  fellow  as  the  anterior  symphysis  of  the 
pelvis ;  and  is  connected  with  the  raph^  between  the  anterior 
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muscular  masses.    It  was  probably  this  band  that  formed  the 
fibrous  tuft  at  the  end  of  the  pelvic  bone  in  Mysticetua 

[Comparison  with  the  anterior  and  posterior  mtiseular  magsea  in 
Megaptera  and  in  Mysticettis. — The  differences  in  inegaptera  are  con- 
siderable. My  notes  of  the  dissection  contain  no  reference  to  a 
horizontal  fibrous  sheet  concealed  within  the  masses.  The  only 
fleshy  attachment  of  the  masses  to  the  bone,  is  that  of  the  posterior 
mass  to  the  hinder  end  of  the  bone,  and  for  3  inches  along  the  outer 
side  (fig.  15,  1888).  For  the  rest,  the  fibrous  interruption  is  oa  the 
siuf ace  in  the  form  of  a  tendinous  expansion,  sent  forwards  external 
and  superficial  to  the  pelvic  bona  Nor  is  there  even  any  fibrous 
attachment  to  the  pelvic  bone  anteriorly,  except  by  two  flat  tendons 
near  the  promontory  {i  i  of  the  figure),  together  not  much  larger 
than  the  corresponding  tendon  near  the  promontory  in  R  musculus 
(fig.  3,  a,  w,  m).  For  4  inches  forwards,  being  the  extent  available 
for  dissection,  there  was  only  fibrous  tissue.  Thus  the  flesh  in 
megaptera,  especially  in  front,  does  not  come  nearly  so  close  to  the 
pelvic  bone  as  in  B.  musculus,  nor,  so  far  as  I  can  judge,  is  its  balk 
so  great  as  in  B.  musculus.  The  lesser  bulk  would  account  for  the 
absence  of  the  fibrous  plate  in  megaptera.  What  is  merely  an  inter- 
muscular septum  (the  semicircular  septum)  in  B.  musculus  is,  in 
megaptera,  elongated  into  an  intervening  tendon,  a  transformation 
often  enough  met  with  in  anatomy.  Comparing  the  pelvic  bones  in 
B.  musculus  and  megaptera,  the  shortness  of  the  beak  in  the  latter 
may  be  accounted  for  by  the  much  less  attachment  to  it  of  the 
anterior  muscular  mass  than  in  B.  musculus. 

In  mysticetvA  (1881,  figs.  13,  14,  17,  18),  the  posterior  muscular 
mass  showed  no  subdivision  and  was  entirely  attached,  fleshy,  to  about 
the  posterior  half  of  the  pelvic  bone.  The  anterior  mass  was  larger 
than  the  posterior,  and  the  subdivisions  of  the  fleshy  mass  are 
accounted  for  by  the  length  and  position  of  the  femur.  The  whole 
of  the  attachments  of  both  anterior  and  posterior  masses  were  fleshy 
upon  the  bones.  Besides  the  presence  of  a  good-sized  femmr,  the 
pelvic  bone  in  mysticetus  is  very  much  larger  than  in  the  finners. 

Exact  comparison  of  the  bulk  of  these  muscular  masses  in  these 
three  species  would  be  difficult,  but  on  comparing  the  size  of  the 
sections  now  given  in  a  full-grown  mysticetus,  in  megaptera,  and  in 
B.  musculus,  and  my  full-sized  drawings  made  during  the  dissection 
of  each,  it  appears  that  the  bulk  of  red  flesh  at  and  near  the  pelvis 
is  much  greater  in  B.  musculus  than  in  the  other  two.  If  so,  that 
would  accord  with  the  great  activity  attributed  to  B.  musculus,  to. 
which  it  owes  its  name.  The  great  fibrous  plate  concealed  within 
the  masses  in  R  musculus  appears  to  stand  in  relation  to  this  greater 
muscularity.] 

(C)  Mii8cle8  attached  to  the  Femv/r. 

Besides  the  ligaments  and  other  retaining  fibrous  bands  above 
described,  the  femur  has  three  direct  muscular  connections,  a 
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posterior,  an  internal,  and  an  anterior,  and  indirectly  a  fourth, 
connecting  it  to  the  anterior  muscular  masa  These  are  portions 
of  muscles  rather  than  muscles  devoted  to  the  femur,  but  they 
will  act  on  it  not  the  less.  Being  attached  to  a  structure  so 
rudimentary  as  this  femur  they  deserve  pai*ticular  examination. 

(1 )  Posterior  ninscle  of  the  Femur, — This  is  one  of  the  anterior 
attachments  of  the  posterior  muscular  mass  already  noticed. 
Its  different  arrangement  on  the  two  sides  is  shown  in  the 
figures  (fig.  2  and  in  fig.  3,  p  m).  On  the  left  side  the  tendon 
is  I  inch  broad  at  the  middle  by  1^  inch  long,  and  is  inserted 
along  rather  more  than  the  inner  half  of  the  posterior  border 
of  the  femur ;  on  the  right  side  the  tendon  is  a  little  smaller, 
attached  to  rather  less  than  the  inner  half  of  the  femur,  and  the 
fleshy  portion  is  more  isolated  from  the  rest  of  the  muscular 
mass  than  on  the  left  side.  At  4  inches  from  the  femur,  where 
the  muscle  becomes  detached  from  the  mass,  it  is  2  inches  in 
breadth  by  |  inch  in  thickness.  It  is  the  strongest  of  the 
muscles  attached  to  the  femur,  say,  at  the  point  mentioned, 
equal  in  bulk  to  the  biceps  muscle  of  the  human  arm,  very  large 
iu  proportion  to  the  femur  if  regarded  as  for  moving  the  femur. 
It  may  be  regarded  simply  as  one  of  the  anterior  attachments  of 
the  posterior  muscular  mass,  for  which  the  femur  is  rendered  a 
fixed  point  by  the  resisting  action  of  its  anterior  muscle. 

(2)  Anterior  muscle  of  the  Femur. — This  muscle  is  a  part  of 
a  large  muscle  (fig.  2,  tf),  the  inner  and  greater  portion  (tensor 
fasciae)  inserted  into  the  interpelvic  membrane,  the  outer  por- 
tion, about  a  ^  of  the  whole,  inserted  into  the  femur.  The 
entire  muscle  is  as  bulky  as  the  palm  of  the  hand,  but  of  differ- 
ent shape  on  the  two  sides :  on  the  right  side  fan-shaped,  the 
apex  forwards;  on  the  left  side  square-shaped,  owing  to  the 
outer  portion  being  carried  more  forwardsw  The  tensor  fascioe 
portion  arises  from  the  anterior  part  of  the  pelvic  bone  for  1 J 
inch,  beginning  about  1  inch  from  the  point.  This  narrow 
origin  is  by  a  short  tendon  from  which  fibrous  septa,  4  or  5  in 
number,  radiate  backwards,  giving  origin  to  the  fleshy  fibres, 
forming  a  multi-penniform  muscle.  The  outermost  part  of  the 
tensor  arises  in  part  from  the  deep  aponeurosis  external  to  the 
bone  and  in  part  from  a  septum  common  to  it  and  the  femoral 
portion  of  the  muscle.     On  the  left  side  this  septum  received  a 
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narrow  slip  of  tendon  direct  from  the  posterior  muscular  mass, 
not  present  on  the  right  side.  The  femoral  portion  of  the 
muscle  is  bi-penniform,  arises  internally  from  the  last  men- 
tioned septum,  externally  from  the  deep  aponeurosis,  and  on  the 
lefb  side  is  prolonged  forwards  a  little,  giving  the  square  shape 
and  leaving  a  notch  anteriorly  between  it  and  the  tensor.  Thus 
the  entire  origin  of  the  femoral  part  is  from  movable  fibrous 
structures,  that  of  the  tensor  mostly  from  the  bone. 

The  insertion  of  the  femoral  portion  is  along  the  inner  half  of 
the  anterior  border  of  the  femur,  by  its  median  septum  and 
flesh  on  each  side,  this  being  just  opposite  the  insertion  of  the 
posterior  muscle  at  the  posterior  border.  But  it  is  inserted  also 
into  the  superficial  apoueurosis  for  an  inch  before  it  reaches  the 
femur,  so  that  the  femoral  portion  of  the  muscle  is  likewise  a 
tensor  of  the  fascia,  not  acting  distinctively  on  the  femur.  The 
most  posterior  insertion  of  the  greater  portion  (tensor  fasciae)  is 
to  the  interpelvic  membrane  for  about  4  incheg  transversely 
internal  to  the  femur,  its  outer  part  reaching  to  the  tip  of  the 
femur ;  and  in  front  of  this  the  insertion  is  on  the  deep  surface 
of  the  interpelvic  membrane  along  the  posterior  half  of  the 
length  of  the  muscle.  Length  of  the  greater  muscle,  4  J  inches ; 
breadth  at  the  back,  4  inches :  length  of  the  femoral  portion,  4 
inches  ;  breadth,  IJ  inches.  Thickness  of  the  greater  portion 
over  ^  inch,  of  the  femoral  portion  about  J  inch.  The  femoral 
portion,  besides  being  thinner,  is  mixed  with  fibrous  tissue,  giv- 
ing it  a  ligamentous  function  in  addition  to  its  contractile  func- 
tion. The  bulk  of  the  femoral  portion  of  the  muscle  is  equal  to 
three  times  that  of  the  femur.  The  left  was  larger  than  the 
right ;  it  weighed  4  oz.  50  grains,  the  right  J  oz.  less. 

The  action  of  the  entire  muscle  will  be  to  move  the  femur 
forwards  and  inwards,  but  only  along  with  the  aponeurosis  in 
front  and  internal  to  it.  The  femoral  portion  acting  alone 
would  move  the  inner  end  of  the  femur  more  directly  forwards, 
but  the  close  connection  with  the  larger  portion  will  cause  a 
general  inward  and  forward  movement  of  the  femur  and  of  this 
part  of  the  aponeurosis.  Where  the  greater  portion  of  the 
muscle  is  attached  to  the  interpelvic  membrane,  the  membrane 
is  specially  strong,  almost  like  a  strap  crossing  from  side  to  side, 
the  fibres  curving  backwards,  as  noted  with  the  membrane  and 
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as  seen  in  fig.  1.  The  function  of  this  pretty  large  muscle  is 
not  evident  apart  from  that  of  resisting  retraction  of  the  femur 
by  its  posterior  muscle,  and  of  fixing  the  femur  as  one  of  the 
attachments  of  the  posterior  muscular  mass.  The  external 
ligament  of  the  femur  is  adapted  to  resist  inward  and  forward 
traction  as  by  this  muscle  acting  as  a  whole.  [No  such  muscle 
was  found  in  connection  with  the  femur  or  the  interpelvic 
membrane  in  Megaptera.] 

(3)  Internal  mv^cle  of  the  Femv/r, — This  muscle  (fig.  3,  i  m, 
left  side)  is  only  in  part  attached  to  the  femur,  and  consists  of 
muscular  fibre  much  mixed  with  fibrous  tissue.  It  looks  like  a 
deeper  portion  of  the  tensor  fasciae  muscle,  but  is  separated  from 
it  by  a  tendinous  covering.  The  origin  of  this  sub-pelvic  muscle 
is  from  the  beak  of  the  pelvic  bone,  beginning  just  behind  the 
origin  of  the  tensor  fascise,  and  extending  outwards  for  some 
inches  as  &r  as  to  between  the  femur  and  the  pelvic  bone.  It 
divides  into  two  parts,  each  about  the  size  of  the  fore-finger ; 
the  anterior  inserted  into  the  semicircular  septum  and  the 
bands  fi-om  the  septum  to  the  femur,  and  in  part  to  the  tip  of 
the  femur ;  the  posterior,  passing  between  the  pelvic  bone  and 
the  femur,  inserted  into  the  outer  and  posterior  part  of  the 
femur,  on  its  deep  surface ;  and  a  portion  is  continued,  tendinous, 
to  be  attached  to  the  pelvic  bone,  seen  behind  the  femur  and 
the  posterior  ligament  of  the  femur,  near  the  acetabular 
cartilage.  The  posterior  portion  of  the  muscle,  that  to  the 
femur,  is  parallel  to  the  portion  of  the  posterior  muscular  mass 
that  is  continued  forward  on  the  under  surface  of  the  pelvic 
bone,  but  is  distinct  from  it.  The  part  to  the  femur  looks  at 
first  more  like  a  ligamentous  structure,  but  striped  muscular 
fibres  are  blended  with  the  white  fibrous  tissue.  This  part  of 
the  muscle  is  smaller  on  the  left  side  than  on  the  right.  The 
action  of  this  sub- pelvic  muscle  upon  the  femur  will  be  to  move 
it  inwards  and  a  little  fonwards,  like  the  tensor  fasciae  muscle 
superficial  to  it,  resisted  by  the  external  ligament  of  the  femur. 
The  part  that  is  detached  to  pass  behind  the  femur,  to  be 
attached  again  to  the  pelvic  bone,  can  have  no  contractile  action 
except  slightly  to  assist  in  preventing  the  femur  being  lifted  off 
the  pelvic  bone. 

(4)  Connection  of  the  Femur  vAth  the  anterior  musctdar 
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mass. — The  anterior  fibrous  bands  to  the  femur  have  been 
noticed  as  proceeding  from  the  semicii'cular  septum.  Thej 
come  from  where  that  septum  is  intimately  adherent  to  the 
deep  surface  of  the  tendon  of  the  part  of  the  anterior  muscular 
mass  shown  in  fig.  3  (a,  m,  m)  and  are  common  to  both.  These 
two  bands  (seen  on  the  right  side  of  fig.  2)  are  of  considerable 
strength  ;  length  f  inch  ;  breadth  of  one  is  ^  inch,  of  the  other  \ 
inch  ;  thickness  about  ^  inch ;  direction  backwards  and  a  little 
inwards.  That  was  on  the  right  side ;  on  the  left  side  they  were 
more  broken  up ;  on  the  right  side  attached  more  to  the  outer, 
on  the  left  side  more  to  the  inner  part  of  the  anterior  border  of 
the  femur.  By  means  of  these  bands  the  anterior  muscular 
mass  here  may  move  the  femur  a  little  forwards,  or  they  may 
serve,  with  the  anterior  muscle  of  the  femur,  to  resist  retraction 
of  the  femur  and  to  fix  it  as  a  point  of  attachment  of  the 
posterior  muscle. 

Summary  of  the  Connectiona  of  the  Femur  and  their 

Adaptations, 

The  various  ligamentous  and  other  fibrous  retaining  struc- 
tures, and  the  muscular  connections,  now  described,  may  be  here 
summarised,  reference  again  to  the  figures  being  implied. 

Ligaments, — The  external  ligament,  the  strongest,  is  adapted 
to  resist  over-movement  inwards  and  forwards;  the  posterior 
ligament  to  resist  movement  forwards  and  outwards;  the 
interosseous  ligament,  small,  mostly  to  resist  forward  move- 
ment. 

Other  fibrous  retaining  structures. — The  superficial  inter- 
pelvic  and  interfemoral  membrane,  attached  all  round  the  edges 
of  the  femur,  retains  it  in  its  place  generally,  especially  resisting 
inward  and  outward  movement  The  anterior  bands  resist 
backward  and  inward  movement.  The  fibrous  tissue  mixed  with 
the  femoral  part  of  the  sub-pelvic  muscle  would  resist  outwcurd 
and  backward  movement,  but  there  is  no  muscle  placed  so  as  to 
produce  that  movement. 

Muscles, — The  femur  is  moved  forwards  and  inwards  by  its 
anterior  muscle  together  with  the  tensor  fascise  muscle,  and 
deeply  by  its  portion  of  the  sub-pelvic  muscle,  together  a 
strong  muscular  power ;  resisted  specially  by  the  external  liga- 
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metit  It  is  moved  backwards  by  its  posterior  muscle,  a  stroug 
power,  resisted  only  and  not  very  exactly  by  the  fibrous  bands 
connected  with  the  anterior  muscular  mass.  The  femur  will  be 
moved  forwards  by  its  anterior  muscle,  and  a  little  through  the 
bands  connecting  it  to  the  anterior  muscular  mass ;  resisted  by 
the  posterior  ligament,  but  it  is  not  evident  why  the  posterior 
ligament  should  be  directed  so  obliquely  outwards,  unless  the 
connection  of  the  femur  to  the  anterior  muscular  moss  has  a 
strong  influence  in  moving  it  forwards  aud  outwards. 

All  these  attachments — ligaments,  fibrous  bands,  and  muscles, 
some  of  them  very  large  in  proportion  to  the  femur — ^which  I 
have  endeavoured  to  trace  with  exactness,  look  like  adaptations 
for  the  performance  of  various  movements  of  the  femur  and  for 
checking  over-movement,  but  to  no  evident  purpose.  The 
comparison  of  the  femur  to  a  sesamoid  bone,  like  the  patella,  is 
su^ested,  but  there  is  no  sjrnovial  membrane,  no  cartilage  on 
the  pelvic  bone  for  the  femur  to  play  on,  and  no  definite  move- 
ment. Within  the  limits  resulting  fi*om  these  attachments, 
and  before  any  of  them  were  divided  with  the  knife,  the 
femur  slipped  about  loosely  in  the  fingers  in  all  directions.  The 
attachments  were  not  quite  the  same  on  the  two  sides,  and, 
in  the  next  B.  musculus  dissected,  they  may,  not  unlikely,  be 
found  to  differ  from  those  above  described. 

[In  megaptera  (fig.  15,  Z,  1888)  the  posterior  ligament  is  the  great 
one,  and  there  is  only  one  muscle  attached  to  the  much  larger  femur, 
contained  within  a  division  of  that  ligament.  In  myaticetw,  the  pre- 
dominance of  the  posterior  ligament  (fig.  11,  1881)  is  still  greater. 
The  greater  length  and  different  position  of  the  femur  prevents  any 
useful  comparison  of  the  muscles  with  those  now  described  in  B. 
musculus.] 

III.  Adaptations  and  Comparison  of  the  Pelvic  Bone 
AND  Femur  in  the  different  species. 

(A)  Adaptations  of  the  Pelvic  Bone  in  relation  to  the  soft 

parts  in  B.  musculus. 

Although  much  reduced,  compared  with  the  innominate  bone 
in  mammals  with  a  hind  limb  employed  in  locomotion,  the  pelvic 
bone  in  the  cetacea  is  not  a  rudimentary  structure.  On  the  con- 
trary it  is  fully  and  variously  functional.    The  pelvic  bones,  in  rela- 
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tioQ  to  the  visceral  chamber  of  the  body,  form  a  firm  bonndaiy  on 
each  side  of  the  pelvic  outlet,  and  they  attach  and  form  stretchers 
to  the  fibrous  structures  that  complete  the  girdle  before  and 
behind ;  in  relation  to  the  reproductive  organs,  they  attach  and 
stretch  the  great  transverse  ligament  on  which  the  penis  aod 
its  muscles  are  supported  in  the  male ;  and  they  attach  large 
muscles  that,  posteriorly,  assist  in  moving  the  tail  in  locomotion, 
and,  anteriorly,  act  on  the  abdominal  and  thoracic  walla  The 
numerous  muscular  and  fibrous  parts  attached  to  the  bone  and 
other  relations  to  the  soft  parts  in  this  B.  musculus  are  fully 
given  above,  and  may  be  referred  to  here  only  in  relation  to  the 
form  of  the  bona  That  will  be  better  understood  by  taking 
the  full-grown  bone. 

The  general  concavity  of  the  bone  internally  has  reference  to 
bounding   the  pelvic  outlet.     The  thickness  of  the  posterior 
portion  of  the  bone  is  related,  (a),  to  the  attachment  of  a  large 
amount  of  muscle  along  nearly  its  whole  length ;  and,  (6),  to 
attaching,  behind  and  for  some  way  on  the  inner  surface,  the 
great  interpelvic  ligament  for  the  support  of  the  penis  and  for 
the  attachment  of  various  muscles.     The  lateral  flattening  of 
the  anterior  pare  of  the  beak  appears  to  be  related  to  attaching 
a  considerable  amount  of  muscle  on  one  side,  the  external ;  and 
internally  to  inclosing  the  pelvic  cavity.     To  the  borders  here 
are  attached  the  pelvic  fascia  above,  the  interpelvic  membrane 
below,  the  smooth  fiat  periosteal  surface  forming  a  wall  to  this 
part  of  the  pelvic  cavity.     The  narrowing  of  the  internal  surface 
into  a  mere  border,  at  the  central  part  of  the  bone,  corresponds 
to  the  flattening  and  expansion  of  the  bone  at  this  part.     The 
upper  surface  is  free,  covered  only  by  periosteum,  except  where 
it  attaches  a  few  fibrous  bands ;  at  two  inches  internal  to  the 
promontory,  from  the  semicircular  septum ;   and  some  on  the 
beak,  connected  with   the  great  intermuscular  fibrous   plate. 
The  under  surface,  as  seen  in  the  figures,  is  mostly  occupied  by 
muscular  attachments,  though  not  of  large  muscles.     The  pro- 
montory, with   the  great  breadth  of  the  central  part  of  the 
bone,  is  a  striking  character.     This  projection  is  not,  like  many 
long  projections,  for  muscular  leverage.     A  tendon  of  moderate 
size  was  attached  near  it  in  front,  and  a  small  tendon,  which 
was  not  symmetrical,  was  attached  to  it  from  behind,  but  the 
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process  proper  is  for  the  most  part  unoccupied  by  muscles,  and 
lies  free  beneath  the  semicircular  septum.  The  breadth 
and  projection  of  this  part  of  the  bone  would  seem  to  stand  in 
relation  to  the  presence  and  retention  of  a  femur,  or  to  the 
presence  of  an  acetabular  cartilage.  The  external  ligament  of 
the  femur  ia  the  most  definite  structure  attached  to  the  pro- 
montory, and  it  is  interesting  to  notice  that  just  external  and 
posterior  to  this  ligament  is  an  area  (as  seen  in  figs.  2  and  3)  to 
which  neither  muscle  nor  ligament  is  attached,  and  that  this  is 
the  area  of  the  acetabular  cartilage,  concealed  beneath  the 
periosteum. 

(B)  Gompariaon  of  the  Pelvic  Bone  in  the  Fin-whales 

a/ad  in  Mysticetua. 

In  Plate  XX.  figures  are  given  of  the  pelvic  bones  in  the 
Whale-bone  whales  I  have  had  the  opportunity  of  dissecting : 
a  14J-feet-long  Balcenoptera  rostrata;  a  36-feet-long  B. 
horealis  ;  and  of  the  pelvic  bone,  and  femur  and  its  ligaments, 
of  the  50-feet-long  and  of  the  64- feet-long  B.  rauscalua ; 
of  a  40-feet-long  Megaptera ;  and  of  a  35-feet-long  and  a 
48-feet-long  Mysticetvs.  They  are  all  from  males  except  that  of 
the  B.  rostrata,  and  all  the  figures  are  reduced  to  \  the  natural 
size.  In  making  the  comparison  it  is  essential  to  bear  in  mind 
the  degree  of  maturity  of  each,  as  inferred  from  the  length 
of  the  whale. 

(1.)  Figure  6.  This  figure  is  from  the  young  Lesser  Fin- 
whale  (5.  Toetrata,  Pike-whale  of  John  Hunter)  stranded  alive 
at  Aberdeen,  July  1870,  the  articulations  of  the  cervical 
vertebrae  of  which  I  described  in  this  Jotumal,  1872.  Having 
reached  only  about  half  (14^  feet)  the  attainable  length  in  this 
species,  the  bone  figured  cannot  be  regarded  as  typical.  Total 
length,  3^  inches,  of  which  the  anterior  cartilage  occupies  {  inch, 
the  posterior  cartilage  f  inch.  The  ossified  part  increases 
gradually  in  breadth  backwards ;  breadth  at  the  middle  ^  inch, 
posteriorly  f  inch ;  thickness  |  to  f^  inch. 

(2.)  Fig  7  (B)  and  (L).  These  figures  represent  the  right  and 
left  pelvic  bone  of  the  36-feet-long  Black  whale  (B,  horealis, 
Rudolphi's  rorqual)  beached  alive  at  St  Margaret's  Hope, 
Orkney,  in  the  end  of  November  1884 ;  as  yet  only  referred  to 
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occasionally  in  my  account  of  Megaptera  longimana,  in  this 
Journal,  1887-89.  As  the  length  of  this  species  may  reach  45 
feet  or  even  50  feet,  the  figure  cannot  be  regarded  as  represent- 
ing the  full-grown  pelvic  bone,  but  it  may  be  taken  as  showing 
the  general  form  in  contrast  with  that  of  B.  musculus.  The 
bone  of  both  sides  is  figured,  as  there  is  considerable  a-symmetiy. 
The  chief  differences  are,  that  the  bone  of  the  right  side  has  a 
well-marked  promontory,  that  it  presents  a  marked  flattening 
and  expansion  towards  the  anterior  end,  and  that  it  is  somewhat 
broader  generally,  so  that  it  is  altogether  more  robust  than  the 
left,  rendering  it  about  a  fourth  heavier  than  the  left.  The 
total  length  was  about  7  inches,  of  which  the  cartilages  made 
IJ  inches.^ 
On  the  bone  possessing  the  considerable  promontory,  that  of 

^  The  dissection  of  the  pelvic  region  was  made  in  1885,  nnder  pressure  for  time, 
only  to  the  depth  necessary  to  enable  me  to  ascertain  that  a  femur  was  not  pre- 
sent. The  parts  were  preserved  for  subsequent  dissection  of  the  muscles,  &c., 
but,  under  the  misapprehension  that  I  was  done  with  them,  have  been  macerated 
since  I  left  Aberdeen.  In  their  natural  position  the  pelvic  bones  were  12  inches 
apart,  the  hinder  end  9  inches  in  front  of  the  anus.  The  superficial  compressor 
muscle  of  the  penis  and  prepuce,  and  the  superficial  interpelvic  membrane,  had 
the  same  arrangement  as  described  above  in  Megaptera  and  B.  musculus.  The 
former  was  2  inches,  the  latter  \  inch  thick.  The  following  particulars  of  the 
ossified  part  of  the  pelvic  bones  are  given  to  show  their  a-symmetry.  The 
measurements  are  in  inches,  those  of  the  rigJU  side  the  first  given  of  each  mea- 
surement. Lengths,  total  6|  and  5§  ;  of  the  anterior  portion  3(  and  SJ  ;  of  the 
posterior  portion,  equal,  1  j.  Breadth  and  thickness  of  the  posterior  porlionf 
at  the  middle,  breadth  {  and  f,  thickness  ^^  and  6i\ ;  at  the  posterior  end, 
breadth  f^  and  ^,  thickness  ^  and  ^.  The  posterior  portion  is  thus  a  little 
broader  and  thicker  on  the  right  than  on  the  left  bone.  At  the  promontory,  breadth 
1 J  and  1 ;  thickness,  equal,  i^.  Breadth  and  thickness  of  the  anterior  portion^ 
at  the  middle,  breadth  |  and  |,  thickness,  equal,  § ;  at  the  broadest  part 
anteriorly,  being  1 J  inch  from  the  end,  breadth  1  and  j,  thickness  |  and  f ;  at 
the  middle  of  the  anterior  flattened  end,  transversely  ^  and  ^fg,  vertically  Jf 
and  li»  The  change  in  proportion  between  these  two  last  measurements  is 
owing  to  the  anterior  end  of  the  bone,  especially  of  the  right  side,  becoming 
ilattened  laterally,  so  that  the  thickness  (vertically)  exceeds  the  breadth  (trans- 
versely). But  the  change  in  direction  is  not  complete,  the  outer  surface  towards 
the  anterior  end  facing  obliquely  outwards  and  downwards,  so  that  the  expanded 
anterior  end  of  the  right  bone  appears  as  if  twisted  on  the  part  behind  it  In 
the  figures  the  bones  are  rotated  a  little  so  as  to  show  the  square-shaped  expansion 
of  the  anterior  end  of  the  right  bone.  Thus,  the  right  bone  is  broader  than  the 
left  throughout,  much  so  at  the  anterior  end  and  at  the  promontory ;  the  left  bone 
*  is  il  inch  longer  than  the  right,  and,  in  thickness,  loses  as  much  on  the  posterior 
portion  as  it  gains  near  the  anterior  end.  The  weight  of  the  right  pelvic  bone  is 
571  grains,  of  the  left  458. 
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the  right  side,  there  is  on  the  promontory  a  marked  oval  area 
corresponding  exactly  to  the  area  where  the  acetaiular  carti- 
lage lies  in  the  B.  musculus  and  in  the  Bight- whalea  It  is 
here  J  inch  in  length  by  J  inch  in  breadth,  and  lies  entirely  on 
the  under  surface  of  the  promontory,  not  extending  round  the  edge 
of  the  bone.  The  surface  is  irregular,  mostly  excavated,  and  is 
quite  like  a  surface  which  had  sustained  a  cartilage.  On  the 
left  bone,  on  which  the  promontory  is  but  little  developed,  this 
mark  is  not  present.  The  outer  border  of  the  promontory  is 
thicker  than  that  of  the  right  bone,  and  along  it  there  is  a 
longitudinal  depression,  not  reaching  to  the  under  surface  of 
the  bone.  It  does  not  look  as  if  it  had  supported  a  cartilage,  but 
rather  to  be  the  result  of  the  growth  of  its  margins.  It  may  be 
that  a  well-developed  promontory  and  the  presence  of  an 
acetabular  cartilage  stand  related.  At  fully  ^  inch  in  front  of 
the  promontory  there  is  a  notch  in  the  outer  border  of  the  bone, 
deepest  and  narrowest  in  the  left,  the  least  broad  of  the  two 
bones.  This  notch  corresponds  in  position  exactly  to  the  oval 
foramen  noticed  in  the  64-feet-loug  B.  musculus,  as  seen  in  fig. 
9.  One  would  expect  such  a  foramen  to  be  vascular,  but  in  the 
B.  musculus  it  was  occupied  by  fat 

(3  and  4.)  Figs.  8  and  9.  The  characters  and  differences  of 
these  two  pelvic  bones  of  the  Razorback  whale  (B.  musculua),  one 
from  a  50-feet-long,  the  other  from  a  64- feet-long,  have  been  com- 
mented on  above.  In  contrast  with  B.  borealis  they  have  great 
breadth  at  the  central  region  with  outward  projection  to  form  a 
promontory,  and  with  this  there  is  the  presence  of  a  femur.  These 
two  pelvic  bones  of  B.  musculus  differ  from  each  other  very  little 
in  breadth  at  the  central  portion,  but  very  much  in  the  more 
mature  specimen  showing  great  prolongation  of  its  anterior  and 
posterior  portions,  much  flattening  laterally  on  the  anterior  half 
of  the  anterior  portion,  and  great  robustness  on  the  posterior 
half  of  the  posterior  portion.  As  this  species  attains  a  length 
of  from  60  to  70  feet,  with  an  average  of  over  64  feet,  this 
specimen  may  be  regarded  as  nearly  full-grown.  Between  the 
50-feet-long  one  and  the  64-feet-long  one  the  increase  in  length, 
on  the  anterior  portion  of  the  bone  from  9  inches  to  13|, 
and  on  the  posterior  portion  from  5J  inches  to  lOJ,  giving 
an  increase  on  the  total  length  of  the  bone  from  lOJ  to  23 


326  DR  JOHN  STBUTHERS. 

inches,  is  remarkable  if  the  diflference  is  merely  a  matter  of  age- 
There  may  be  differences  from  variation,  but  we  see  at  least  the 
necessity  for,  if  possible,  having  mature  specimens  for  comparison. 
The  shortness  of  the  cartilages  in  the  younger  specimen  (about 
the  same  length  as  in  the  more  mature  one),  in  striking  contsust 
with  their  length,  relatively  to  the  ossified  portion,  in  Megaptera, 
would  seem  to  render  doubtful  that  it  could  ever  have  attained 
such  a  length  as  that  of  the  more  mature  specimen ;  but  that 
raises  the  question  of  the  mode  in  which  ossification  proceeds. 

(5.)  Fig.  10.  This  figure  is  fix)m  my  account  of  the  40-feet- 
long  Humpback  whale  (Megaptera  longimana)  in  this 
Journal,  1888,  the  skeleton  now  placed  in  the  museum  at 
Dundee,  in  the  neighbourhood  of  which  this  Megaptera  first 
showed  itself.  As  this  species  may  attain  a  length  of  fully  50 
feet,  this  specimen,  judging  by  the  attainable  lengths  of  the  two 
species,  may  be  inferred  to  be  about  as  far  from  maturity  as  that 
from  the  50-feet-long  Bf  musculus.  In  the  latter  the  total 
length  of  the  bone  is  10^  inches,  in  Megaptera  9^,  but  the 
relative  length  of  the  anterior  and  posterior  portions  is  very 
different;  in  B.  musculus  the  anterior  much  longer  than  the 
posterior  (respectively  9  and  5J  inches),  in  Megaptera  the 
anterior  shorter  than  the  posterior  (respectively  5  and  6|  inches). 
The  shorter  beak  in  Megaptera  may  be  accounted  for  by  there 
being  no  fleshy  attachments  to  it,  and  tendinous  attachments 
only  near  the  promontory ;  but,  looking  to  the  relative  size  of  the 
anterior  and  posterior  muscular  masses,  it  is  not  evident  why  in 
B.  musculus  the  anterior  part  of  the  bone  should  be  so  much 
longer  than  the  posterior,  nor  is  it  evident  why  the  posterior 
part  of  the  bone  should  be  longer  in  a  40-feet-long  Megaptera 
than  in  a  50-feet-long  B.  musculus. 

A  remarkable  difference  is  in  the  lesser  extent  of  ossification 
in  Megaptera.  The  lengths  in  Megaptera  are,  ossified  pstrt  4^ 
inches  (straight)  and  about  equally  in  the  two  portions ;  posterior 
cartilage  3^  inches,  anterior  cartilage  2  inches.  In  B.  musculus, 
ossified  part  8 J  inches,  posterior  cartilage  f  inch,  anterior  car- 
tilage li  inches.  The  progress  ossification  has  made  is  perhaps 
not  always  a  very  reliable  test  of  age.  In  this  Megaptera  a 
large  part  of  the  bone  had  still  to  ossify  at  the  expense  of  the 
cartilages,  in  the  B.  musculus  much  turther  elongation  could  not 
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have  taken  place  within  the  cartilages.  In  Megaptera  the  pro- 
montory is  less  projecting,  and  the  breadth  of  the  bone  here  is 
less ;  breadth  in  Megaptera  2^  to  2^  inches ;  in  the  50-feet-Iong 
6.  musculus  4f  inches,  in  the  more  mature  one  4  inches.  In 
regard  to  this  difference  it  may  be  noted  that  in  Megaptera  the 
femur  lies  more  towai-ds  the  inner  edge  of  the  bone,  and  is 
differently  directed,  so  that  its  chief  ligamentous  attachment  to 
the  bone  is  not  at  the  promontory,  but  behind. 

(6  aTid  7.)  Figs.  11  and  12.  These  figures  are  from  among 
those  given  of  the  Oreeuland  Right-whale  (Balaena  mysticetus) 
in  this  Joumaly  1881.  They  are  selected,  the  36-feet-long  one 
(probably  about  f  grown)  for  comparison  with  the  not  mature 
B.  musculus ;  the  48-feet-long  one  (probably  full  grown,  being  a 
male)  for  comparison  with  the  mature  B.  musculus.  Had  the 
pelvic  bone  of  the  Megaptera  been  more  fully  ossified  it  might 
be  taken,  carelessly,  for  that  of  a  Mysticetus  younger  than  the 
35-feet-long  one,  but 'the  differences  are  marked.  Especially 
the  more  transversely  directed  beak,  and  the  shortness  of  the 
beak,  relatively  to  the  posterior  part  of  the  bone,  would  at 
once  indicate  Mysticetua  A  comparison  of  the  pelvic  bone  of  a 
fall-grown  male  and  female  Megaptera  with  those  of  B.  musculus 
and  Mysticetus  is  desirable  should  opportunity  offer.  These 
specimens  enable  that  to  be  done  between  B.  musculus  and 
Mysticetus,  and  a  glance  at  the  figures  will  show  that  they  are 
quite  different  both  in  the  young  and  in  the  mature  condition. 
In  Mysticetus  the  shortness  of  the  beak  compared  with  the 
body,  and  still  more  the  transverse  direction  of  the  beak,  com- 
ing down  in  some  of  my  specimens  (as  in  figs.  1,  3,  and  5, 188] } 
so  as  to  form  almost  a  right  augle  with  the  body ;  and  the  form 
of  the  body  posteriorly,  either  very  thick  in  the  male  or  flat  iu 
the  female,  are  characters  by  which  the  pelvic  bone  of  that 
species  may  be  at  once  known  and  easily  distinguished  from 
that  of  B.  musculus.  I  have  not  had  an  opportunity  of  examin- 
ing the  pelvic  bone  in  the  female  of  B.  musculus  or  of  Megap- 
tera, but  in  Mysticetus  the  great  thickness  of  the  hinder  end 
of  the  bone  in  the  male,  and  its  flatness,  usually  with  expansion, 
in  the  female,  are  characteristic.  It  is,  indeed,  easier  to  tell  the 
male  from  the  female  pelvic  bone  in  Mysticetus  than  to  tell  a 
male  from  a  female  pelvis  in  human  anatomy.     But  that,  within 
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these  general  characters,  there  may  be  great  individual  variation 
iu  the  form  and  size  of  the  pelvic  bone  is  abundantly  seen  in 
my  series  of  specimens  of  that  bone  in  Mysticetus,  some  of 
which  I  figured  in  1881.  I  may  mention  that  some  of  these 
interesting  specimens  of  the  pelvic  bone  of  Mysticetus,  with 
the  femur  and  with  a  model  of  the  cartilaginous  tibia  attached, 
may  be  seen  in  the  anatomical  museums  of  Aberdeen,  Glasgow, 
and  Edinburgh  Universities,  in  the  Edinburgh  Museum  of 
Science  and  Art,  and  in  the  Natural  History  Museum,  London, 
presented  by  me. 

(C)  Comparison  of  the  Femur  in  Fin-whales  and 

in  Mysticetus, 

In  mysticetus  (figs.  11  and  12,  F)  the  femur  is  an  ossified 
bone,  of  considerable  length,  varying  from  4  to  9  inches,  and, 
amid  abundant  variety  in  form,  has  certain  definite  characters, 
such  as  head,  neck,  tubercle  for  the  great  posterior  ligament, 
and  an  enlarged  distal  end  adapted  for  articulation  with  the 
cartilaginous  tibia,  forming  the  knee  joint  with  a  capsule  and 
sjTiovial  cavity.  In  position,  it  lies  nearly  parallel  to  and  par- 
tially behind  the  beak  of  the  pelvic  bone.  At  its  outer  end  it 
forms  the  hip  joint  with  the  pelvic  bone,  resting  on  the 
acetabular  cartilage  on  the  back  part  of  the  promontory  or  in 
a  more  or  less  excavated  acetabulum,  a  synovial  cavity  between, 
and  is  retained  by  anterior  and  posterior  ligaments  and  by  a 
tendinous  capsule  provided  with  three  thin  capsular  muscles. 
To  the  body  of  the  femur  are  attached  a  great  posterior  liga- 
ment and  two  small  anterior  ligaments,  three  small  muscles 
from  the  pelvic  bone,  and  anteriorly  a  great  mass  of  muscle, 
from  the  anterior  muscular  mass,  common  to  the  femur  and  the 
beak  of  the  pelvic  bone.  Yet,  with  all  this  apparatus  for  pro- 
ducing and  checking  definite  movements,  I  found,  in  two  of  the 
eleven  Right-whales  in  which  the  observation  could  be  made, 
these  functional  adaptations  rendered  nugatory  by  complete  bony 
ankylosis  of  the  hip  joint,  in  an  adult  male  on  both  sides,  in  an 
adult  female  on  one  side  only.  The  only  function  remaining  was 
that  of  affording  attachment  to  part  of  the  anterior  muscular 
njass  in  addition  to  that  afforded  by  the  beak  of  the  pelvic  bone 

In  megaptera  (fig.  10,  F)  the  conical  cartilaginous  femur;  in 
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leDgth,  3f  inches  on  one  side,  5  inches  on  the  other ;  lay  antero- 
posteriorly  across  the  beak  of  the  pelvic  bone,  without  hip  joint 
or  acetabular  cartilage ;  connected  behind  by  a  strong  ligament 
to  the  pelvic  bone  and  the  interpelvic  ligament,  and  externally 
by  a  lesser  ligament  to  the  promontory;  and  was  otherwise 
retained  in  position  by  anterior  fibrous  bands  and  by  the  general 
interpelvic  and  interfemoral  membrane.  It  had  one  muscle 
only,  concealed  within  one  of  the  divisions  of  the  posterior 
ligament,  acting  as  a  retractor.  It  could  be  under  no  other 
muscular  influence  except  indirectly  that  of  the  posterior  muscu- 
lar mass,  at  a  distance,  through  the  fibrous  membrane;  and 
possibly  that  of  the  anterior  muscular  mass,  at  a  distance, 
through  the  fibrous  band  sent  forwards  from  the  apex  of  the 
femur.  Except  as  so  far  retained  by  these  connections,  the 
femur  lay  loosely  and  without  any  apparent  function. 

In  B.  muscvlua  (figs.  8  and  9,  F)  the  femur  is  reduced  to  the 
condition  described  above ;  in  the  64-feet-long  one,  2  inches  in 
length  and  mostly  ossified ;  in  the  50-feet-long  one,  If  inch  in 
length,  and  entirely  cartilaginous ;  retained  by  an  external  and 
a  posterior  ligament  and  by  the  general  interpelvic  membrane ; 
with  several  portions  of  muscle  attached  to  it,  as  described  above ; 
an  acetabular  cartilage  present,  but  the  femur  not  in  contact 
with  it  and  no  synovial  cavity  present ;  except  in  so  far  as 
retained  by  these  structures,  lying  loosely;  the  only  function 
recognisable  being  that  through  the  neighbouring  muscles 
finding  some  attachment  to  it. 

In  the  B.  borealia  and  the  B.  roatrata,  1  found  no  trace  of  a 
femur.  Keduced  to  a  minimum  in  B.  musculus,  it  has  disap- 
peared in  B.  borealis. 

Concluding  JRcToarks. — The  result  of  the  preceding  inquiry 
is,  I  think  it  will  be  granted,  the  conclusion  that  the  presence 
of  this  bone  representing  the  thigh-bone  in  Fin-whales  cannot 
be  accounted  for  from  the  point  of  view  of  function,  that  it  can 
be  regarded  only  as  a  vestige.  The  significance  of  such  vestiges 
in  relation  to  the  question  of  the  origin  of  species  is  evident. 
A  more  rudimentary  structure  than  this  remnant  of  a  femur  in 
these  great  whales,  it  would  not  be  easy  to  imagine.  The 
femur  in  Mysticetus  reduced  and  very  variable,  more  reduced 
in  Megaptera,  reduced  to  a  minimum  in  B.  musculus,  and 
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vanished  in  B.  borealis.    Some  lessons  in  caution  in  the  slippeiy 
exercise  of  seeking  functional  explanation  of  the  presence  of 
rudimentary  structures   occur   in  the  above  inquiry.      After 
assigning  functions  to  the  muscles,  ligaments,  and  synovial  sacs 
of  the  hip  joint  in  Mysticetus,  we  are  met  by  the  tact  of  the 
great  variation  of  the  bone,  and  by  the  fact  of  the  occasional 
occurrence  of  stoppage  of  all  movement  by  ankylosis  of  the  hip 
joint  without  trace  of  disease ;  we  see  the  acetabular  cartilage 
not  present  in  Megaptera  which  has  the  larger  femur,  but 
present  in  B.  musculus  which  has  the  most  reduced  femur ;  we 
see  the  minimised  femur  of  B.  musculus  with  more  and  larger 
muscles  attached  to  it  than  the  larger  femur  of  Megaptera  has ; 
and  so  on.     It  is  necessary  to  the  completeness  of  the  inquiry 
to  follow  the  anatomical  details  to  the  end,  but  in  endeavouring 
to  assign  uses  to  rudimentary  structures,  we  have  to  keep  in 
view  that  such    parts  may  in  reality  serve  no   purpose   of 
functional  utility,  may  be  meaningless  except  as  the  products 
of  decreasing  heredity  or  as  the  incidents  of  variability,  and 
that  the  parts  attached  to  such  structures  may  be  but  remnants 
or  may  be  adaptations  acquired  amid  the  surrounding  activitiea 
The  thigh-bone  in  this  50-feet4ong  whale  would  correspond,  in 
a  human  body  without  its  lower  limbs,  to  a  bone  the  size  of  a 
grain  of  wheat,  concealed  in  the  abdominal  wall  where  the  hip 
joint  would  have  been,  with  a  few  threads  of  ligament  and  of 
the  neighbouring  muscles  attached  to  it. 


APPENDIX. 

Exiemal  CharacUn  and  Mectsurem^nU  of  thds  WTiale. 

As  I  had  a  good  opportanity  of  observing  the  external  characters  and  of 
making  carefol  measurements  of  this  whale,  assisted  by  Mr  Robert  Gibb  and  Mr 
George  Sim,  I  give  the  following  from  my  notes.  These  may  be  compared  with 
those  given  in  my  account  of  the  64-feet-long  B.  musculus  in  this  JdfwrMd^  vol. 
vi,  1871. 

Colour.  Black  on  the  back,  white  on  the  breast  and  belly.  FlaUings  of  the 
skin  (carcase  lying  on  left  side).  Posterior  limit,  26^  feet  from  point  of  lower 
jaw,  22}  feet  from  notch  of  tail  Highest  plaitings  run  on  level  from  angle  of 
mouth  to  anterior  edge  of  paddle ;  two  run  only  ^  of  that  distance.  Behind 
paddle  they  extend  for  about  10}  feet,  the  line  of  ending  along  the  last  half  of 
that  distance  curved  downwards  with  the  convexity  backwards.  At  anterior 
half  of  lower  jaw  the  plaitings  curve  downwards  and  backwards  before  they  be- 
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come  horizontal.  Here  tlie  ridges  seem  broader  than  further  back,  but  this  may 
be  owing  to  the  grooves  being  opened  up.  Thence  on  to  the  paddle  they  are 
narrow,  about  1  inch  in  breadth,  a  few  of  the  highest  nearly  2  inches.  Behind 
paddle  and  on  the  belly  they  are  mostly  1^  to  1}  inches  broad,  some  scarcely 
1  inch. 

[This  contrasts  with  the  great  breadth  of  the  ridges  in  Megaptera,  and  their 
narrowness  in  B.  rostrata.  In  my  40-feet-long  rnegapUra  the  ridges  were  4^ 
inches  or  more  in  breadth,  the  total  number  of  ridges  only  24.  In  my  14|^-feet- 
long  B.  radrata  the  ridges  I  noted  across  the  breast  were  mostly  J  inch,  some 
f  inch ;  at  their  extreme  ends  before  and  behind,  1  inch,  a  few  H ;  the  nar- 
rowest, below  back  part  of  mouth,  i  to  ^  inch  ;  the  total  number  of  ridges  just 
in  front  of  the  paddle  was  57,  between  the  eyes  66.] 

JFhakbone.  Length  of  longest  plates  20  inches ;  shortest,  in  front,  4  inches. 
Colour,  on  the  outside,  black  or  of  deep  slate  colour ;  on  the  surfaces  between 
the  plates,  slate  colour ;  at  the  fringe  of  bristles,  facing  the  mouth,  and  at  the 
lower  end  of  the  plates  outside  as  well  as  inside,  of  a  dirty  cream  colour. 

Paddle  (pectoral  fin).  Length  (including  estimated  5  inches  cut  off  at  tip),  on 
anterior  border  6  feet ;  posterior  border  4  feet  2  inches.  Greatest  breadth  16 
inches.     Position,  distance  from  point  of  lower  jaw  to  anterior  border  15  feet 

4  inches,  to  posterior  border  17  feet  4  inches. 

Tail  Fin.  Tip  to  tip  10  feet  3  inches;  greatest  breadth  of  lobe  2  feet 
8  inches. 

Dorsal  FCn.    Position,  distance  from  middle  of  fin  to  edge  of  lobe  of  tail-fin, 

13  feet  4  inches ;  from  point  of  upper  jaw,  87  feet ;  from  point  of  lower  jaw, 
37  feet  8  inches.  Form,  falcate,  anterior  edge  convex,  posterior  edge  very  con- 
cave,  but  point  not  much  recurved.     Height,  requires  definition ;  fin  proper 

14  inches,  but  rises  18  inches  above  general  line  of  back  from  a  4-feet-long  base. 
This  base  extends  20  inches  behind  and  28  Inches  in  front  of  middle  of  fin  proper, 
and  has  an  elevation  of  6  inches  at  its  fore  part  and  of  4  inches  at  its  back  part 
above  the  general  line  of  the  back.    Thickness  of  fin  proper,  below,  2  inches. 

Body.  Total  length  of  whale,  from  point  of  lower  jaw  to  edge  of  lobe  of  tail- 
fin,  measured  straight,  60  feet ;  to  notch  of  tail-fin,  49  feet  6  inches.  Measured 
along  the  surface,  to  ^ge  of  lobe  of  tail-fin,  51  feet.  Semi-circumferences  of  the 
region  between  neck  of  tail-fin  and  the  dorsal  fin : — ^at  neck  of  tall-fin,  surface 
much  curved,  2  feet  2  inches  ;  at  ^  of  the  distance  forwards  (2  feet  4  inches  from 
neck),  8  feet  10  inches ;  at  3  feet  from  the  neck,  the  most  **  razor-back"  part, 
the  form  very  compressed  and  sharp  above  and  below,  4  feet  2  inches  ;  at  mid- 
way between  the  tail  and  dorsal  fins  (4  feet  8  inches  from  the  neck),  4  feet 

5  inches ;  at }  of  the  distance,  4  feet  10  inches.  Position  of  preputial  opening 
and  of  anus :— distance  from  point  of  lower  jaw  to  centre  of  former,  32  feet 

3  inches ;  to  centre  of  anus,  36  feet  2  inches ;  from  edge  of  lobe  of  tail  to  anus, 
13  feet  4  inches. 

Head.  From  point  of  lower  jaw  to  outside  of  angle  of  mouth,  10  feet  3  inches  ; 
to  inside  of  angle  of  mouth,  9  feet  9  inches  ;  to  middle  of  eye,  10  feet  2  inches. 
From  point  of  upper  jaw  to  front  of  blow-hole,  8  inches  ;  length  of  blow-holes 
13  inches.  From  eye  to  eye,  centre  of,  round  the  top  of  the  head,  7  feet.  This 
line  crosses  at  hinder  end  of  blow-holes.  Breadths  of  upper  jaw,  between  point 
of  jaw  and  back  of  blow-holes,  taken  on  the  surface : — at  }  of  that  distance  from 
point,  2  feet  3  inches  ;  at  mid- way,  3  feet  2  inches ;  at  {  of  the  distance,  3  feet 
10  inches.     Breadths  of  lower  jaw  (edge  of  lip) : — at  middle  (5  feet  from  point), 

4  feet  11  inches;  greatest  breadth  (nearly  8  feet  from  point)  6  feet  5  inches. 
From  this  point  to  inside  of  angle  of  mouth,  along  the  curve,  3  feet. 
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JSar-hoU,  Position,  2  feet  behind  the  eye  and  on  the  same  level ;  size,  jasi 
admits  a  rather  small-sized  goose  quill,  to  the  sigmoid  stage. 

Beard.  Very  few  hairs  remained.  One  I  have  presenred  is  fully  ^  inch  ia 
length  and  is  white. 


EXPLANATION   OF    PLATES    XVIL— XX. 
Ail  the  figures  are  reduced  to  one-sixth. 

Plate  XVIL  fig.  1.  Superficial  view  of  pelvic  region.  The  dotted 
lines  show  the  position  of  the  femur,  pelvic  bone,  and  pre-pelvic  band, 
covered  by  the  superficial  aponeurosis.  The  large  muscle,  ^  a,  the 
levator  ani ;  a  near  the  anus,  surrounded  by  the  internal  sphincter 
ani  muscle ;  on  each  side  of  the  levator  ani  is  seen  the  superficial 
edge  of  the  post-pelvic  band,  attaching  the  levator  ani  and  a  jp,  the 
superficial  aponeurosis.  In  front,  a  p,  the  superficial  aponeurosis; 
771,  between  the  pelvic  bones,  thickened  part  of  the  same,  forming 
the  interpelvic  membrane  or  perineal  fascia ;  stronger  curved  fibres 
of  the  membrane  are  seen  internal  to  the  femur  where  the  t«nsor 
fascise  muscle  is  attached.  Through  the  window  cut  in  the  mem- 
brane are  seen,  in  the  centre,  r,  r,  the  retractor  penis  muscles,  emei^g- 
ing  from  between  the  levator  ani  and  the  bulb<>cavemosus  muscles ; 
on  each  side  a  portion  of  the  ischio-cavemosus  muscle,  t,  c,  on  the  cms 
penis. 

Plate  XVIII.  fig.  2.  Deeper  view  of  same,  superficial  aponeurosis, 
levator  ani  and  rectum  removed,  exposing  the  anterior  and  posterior 
muscular  masses   and   muscles   connected  with  the  penis  and  the 
pelvic  bone  and  femur,  and  showing  the  pelvic  cavity  and  outlet 
Posteriorly,  r,  /,  the  rectal  fossa,  or  rectal   portion  of  the  pelvic 
cavity,  with  its  fibrous  wall  and  median  raph^  at  the  roof.    Botmding 
the  rectal  fossa  is  seen  the  edge  of  the  post-pelvic  bond,  po.  p,  passing 
backwards  from  the  pelvic  bone  to  meet  its  fellow  in  the  median 
intermuscular  septum  behind.     On  each  side  of  the  rectal  fossa  is 
seen  the  posterior  or  caudal  muscular  mass,  p,  m,  m,  the  under 
stratum  of  it  shown  in  transverse  section  on  the  right  side.     In  front 
of  the  rectal  fossa,  6,  c,  the  bulbo-cavemosus  muscle  with  its  mediaa 
raph^,  reaching  only  a  short  distance  on  the  parts  of  the  penis.    In 
front  of  this  muscle,  in  the  middle,  the  bulb  of  the  corpus  spongiosum 
urethra},  with  part  of  the  cms  penis  on  each  side  of  it ;  on  each  side, 
the  ischio-cavemosus  muscle,  t,  c,  concealing  the  outer  part  of  the 
cms  and  of  the  corpus  cavemosum  penis.     On  each  side  of  the  penis 
and  ischio-cavemosus  muscle  is  the  anterior  region  of  the  pelvic 
cavity  p,  c,  shaded  on  the  right  side,  blank  on  the  left  side,  bounded 
externally  by  the  pelvic   bone,  P,  occupied   at  the  outlet  by  fiat 
The  very  dark  shading  at  the  inner  part  of  the  anterior  division  of 
the  pelvic  cavity,  and  in  front  of  the  rectal  fossa,  shows,  as  far  as 
possible  in  such  a  view,  the  inlet  of  the  pelvic  cavity.     Bounding 
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tHe  pelvic  cavity  in  front,  the  pre-pelvic  band,  pr,  b  ;  in  front  of  this 
and.  the  pelvic  bone,  the  anterior  muscular  mass,  a,  m,  m,  shown  in 
tr&iiBverse  section  on  the  right  side.     Muscles  and  fibrous  bands 
attached  to  the  femur,  Fj  here  shown,  are  on  the  left  side  of  the 
dissection,  posteriorly,  tendon  from  a  portion  of  the  posterior  muscular 
mass,  detached  from  the  part  of  the  mass  passing  forwards  to  be 
attached  on  the  under  surface  of  the  pelvic  bone;  extemallj,  the 
external  ligament  of  the  femur ;  anteriorly,  a,  m,  the  anterior  muscle 
of  the  femur,  from  the  aponeurosis  in  front,  and,  continuous  with  that 
muscle  internally,  is  seen  the  tensor  fasciad  muscle,  e,  /,  with  its 
multi-penniform  structure,  passing  from  near  the  end  of  the  pelvic 
l>one  backwards  to  end  in  the  superficial  interpelvic  membrane,  now 
dissected  off.    On  the  right  side  are  seen,  besides  the  posterior  muscle 
and  external  ligament  of  the  femur,  the  internal  muscle  of  the  femur, 
placed  deeply  on  the  pelvic  bone  and  largely  fibrous  in  its  structure ; 
a  portion  of  it  is  seen  to  pass  out  behind  the  femur  to  be  re-attached 
to  the  pelvic  bone  behind  the  external  ligament  of  the  femur,  and  a 
larger  portion  is  seen  in  front  of  the  femur,  attached  to  the  anterior 
fibrous  bands  of  the  femur.    External  to  the  promontory  of  the  pelvic 
bone  is  seen  the  edge  of  a  fibrous  inter-muscular  septum,  «,  s,  the 
semicircular  septum.     Seen  attached  to  this  septum  are,  posteriorly, 
a  large  portion  of  the  posterior  muscular  mass ;  anteriorly,  portions 
of  the  anterior  muscular  mass ;  the  septum  is  seen  to  give  two  fibrous 
bands  to  the  femur,  the  anterior  bands  of  the  femur,  and  to  extend 
inwards  to  be  attached  to  the  beak  of  the  pelvic  bone.     It  is  seen 
also  to  be  continuous  anteriorly  with  a  septum  between  a  superficial 
lateral  muscle,  I,  m,  and  the  more  internal  part  of  the  anterior 
muscular  mass.     On  the  left  side,  the  deep  fibrous  layer,  /,  /,  of  which 
the  latter  septum  is  the  edge,  is  shown  by  removing  the  greater  part 
of  the  lateral  longitudinal  muscle.     The  triangular  portion  of  apon- 
eurosis, a,  Pj  in  front  of  the  tensor  fasciae  muscle,  is  a  portion  of  the 
superficial  aponeurosis  left  on  to  show  the  origin  from  it  of  the 
anterior  muscle  of  the  femur  and  the  outer  part  of  the  tensor  fascise 
muscle.     The  semicircular  septum  is  part  of  the  great  fibrous  plate 
that  separates  the  anterior  and  posterior  muscular  masses  into  upper 
and  under  strata,  here  showing  itself. 

Plate  XIX.  fig.  3.  Deeper  view  of  the  pelvic  region.  Pelvic  bone,  P  ; 
pr.  5,  pre-pelvic  band ;  t,  Z,  great  interpelvic  ligament ;  t,  /,  triangular 
ligament;  6,  bulb  of  the  corpus  spongiosum  urethrse,  the  oval 
mark  shows  where  the  urethra  perforates  the  triangular  ligament ; 
c,  inner  thick-walled  part  of  the  cms  penis  not  covered  by  the  ischio- 
cavemosus  muscle ;  c\  upper  compressible  part  of  the  cms  to  which 
the  muscle  is  attached ;  between  c  and  c\  the  fibrous  ridge  on  the 
cms  bounding  the  muscles ;  r,  c,  ischio-cavemosus  muscle.  On  the 
rigJU  side,  /?,  m,  m,  parts  of  the  posterior  muscular  mass,  attached  to 
the  great  inter-pelvic  ligament  and  to  the  outer  border  of  the  pelvic 
bone ;  in  front  of  the  latter  attachment  are  seen,  divided,  the  part  of 
the  posterior  muscular  mass  inserted  on  the  under  surface  of  the 
pelvic  bone,  the  part  of  the  mass  that  forms  the  posterior  muscle  of 
the  femur,  and  in  front  of  these  the  internal  muscle  of  the  femur. 
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External  to  the  femur,  /,  is  seen  its  external  ligament,  and  immediate! j 
behind  this,  the  re-insertion  of  a  portion  of  the  internal  muscle  of  the 
femur  -,(1,171^711,  tendon  of  part  of  the  anterior  muscular  mass, 
attached  to  beak  of  pelvic  bone,  near  promontory.  Internal  to  this 
a  larger  portion  of  the  anterior  muscular  mass.  On  the  lefi  side^ 
Fy  the  pelvic  bone ;  Fy  the  femur ;  i,  m,  the  internal  muscle  of  the 
femur,  mixed  with  fibrous  tissue ;  p,  m,  posterior  muscle  to  the  femur 
from  the  posterior  muscular  mass,  attached  to  the  internal  elevation 
on  the  posterior  border  of  the  femur ;  partly  concealed  by  the  latter, 
the  posterior  ligament  of  the  femur;  external  to  the  femur,  its 
external  ligament. 

Figs.  4  and  5,  the  right  and  left  pelvic  bones,  in  their  natural 
position  and  at  the  natural  distance  from  each  other,  with  the  femur 
in  its  natural  position,  seen  on  their  under  aspect ;  P,  the  pelvic  bona 
The  cartilages  are  indicated  by  the  dotted  areee ;  a,  e,  the  anterior  carti- 
lage, overlapping  the  bone  for  \  inch  on  the  surfaces,  more  at  the 
borders;  p,  c,  the  posterior  cartilage;  p,  y,  the  promontory  of  the 
pelvic  bone ;  a  c,  Cy  the  dotted  area,  shows  the  position  of  the 
acetabular  cartilage,  the  ovoid  posterior  portion  the  thicker  part, 
the  anterior  portion  reaching  forwards  on  the  under  aspect  of  the 
promontory.  The  cartilaginous  femur,  F,  shown  in  section  on  the 
right  side,  enclosed  in  its  perichondrium  ;  a  short  fibrous  tuft  is  seen 
at  the  inner  end  of  the  femur.  Fig,  5,  left  side,  in  addition,  the 
ligaments  of  the  femur,  e,  l,  the  external  ligament,  the  strongest; 
Py  ly  the  posterior  ligamenf^  attached  to  the  external  elevation  on  the 
posterior  border  of  the  femur.  Differences  on  the  two  sides  are  shown ; 
the  left  femur  mostly  in  front  of  the  pelvic  bone,  the  right  femur 
mostly  upon  (below)  the  pelvic  bone ;  the  promontory  of  the  pelvic 
bone  broader  and  less  rounded  on  the  right  side  than  on  the  left. 

Plate  XX.  figs.  6  to  12,  series  of  views  of  the  different  fonn  and  size 
of  the  pelvic  bone  and  femur  (when  present)  in  fin-whales  and  in  the 
Qreenland  Kight-whale,  all  reduced  to  \  the  natural  size.  The  carti- 
lages are  indicated  by  the  dotted  parts.  Each  is  referred  to  more 
fully  in  part  III.,  (B)  and  ((7),  of  the  text  All  are  from  males  except 
fig.  6. 

Fig.  6.  Pelvic  bone  of  a  young  14rJ-feet-long  lesser  Fin-whale, 
Balasnoptera  rostrata. 

Fig.  7.  Pelvic  bones  of  a  36-feet-long  Black-whale,  Bcdcenoptera 
borealis.     Differences  between  the  right  and  left  are  seen. 

Fig.  8.  Pelvic  bone  and  femur,  and  ligaments  of  the  femur,  of  the 
5d-feet-long  Razorback  whale,  BcUcenoptera  mtisculusy  described  in  the 
text  and  seen  in  the  previous  figures.  Cartilaginous  femur,  F;  e,  /, 
and  py  ly  external  and  posterior  ligaments  of  the  femur;  a  e,  Cy 
acetabular  cartilage. 

Fig.  9.  Pelvic  bone  and  femur  of  a  64-feet-long  Bcdcenofiera 
mvsculus.  The  femur  is  ossified  in  its  outer,  or  here  posterior,  |; 
e,  Py  ly  the  external  and  posterior  ligaments  united  before  they 
reach  the  femur;  /,  &,  fibrous  band  attached  to  anterior  end  of 
femur. 

Fig.  10.  Pelvic  bone  and  femur,  and  ligaments  of  the  femur,  of  a 
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40  feetrlong  Humpback  whale,  Megaptera  longimana,  F,  femur; 
/,  b,  fibrous  band  continued  from  the  anterior  end  of  the  femur ;  p^  Z, 
posterior  ligament  of  the  femur,  the  internal  division,  containing  a 
muscle  ;  e,  \  external  ligament  of  the  femur  in  two  parts.  The  great 
length  of  the  posterior  and  anterior  cartilages  of  the  pelvic  bone  is 
seen.  No  acetabidar  cartilage  present.  The  three  lines  crossing  the 
femur  indicate  the  outline  of  the  pelvic  bone,  and  the  commencement 
of  the  anterior  cartilage. 

Fig.  11.  Pelvic  bone,  ossified  femur  and  its  ligaments,  and  carti- 
laginous tibia,  of  a  35-feet-long  (probably  about  §  grown)  Qreenland 
Kight-whale,  Balsena  mysticettu.  F,  pelvic  bone ;  F,  femur ;  jp,  tibia ; 
a  c,  Cf  anterior  part  of  the  acetabular  cartilage ;  a,  Z,  and  j^,  l, 
anterior  and  posterior  ligaments  of  the  hip  joint;  g,  p,  /,  great 
posterior  ligament  of  the  femur ;  a,  /,  I,  two  anterior  ligaments  of  the 
body  of  the  femur ;  /,  b,  fibrous  bands  attached  to  end  of  pelvic 
bone  and  to  end  of  tibia ;  e,  Z,  capsular  ligament  of  the  knee  joint. 
The  four  lines  crossing  the  femur  indicate  the  outline  of  the  pelvic 
bone,  the  commencement  of  the  anterior  cartilage,  and  the  outline 
of  the  posterior  part  of  the  acetabular  cartilage. 

Fig.  12.  Pelvic  bone,  P,  ossified  femur,  F,  and  cartilaginous  tibia, 
T,  of  48-feet-long  (adult)  BcUcena  mysticetvs.  Cartilages  and  liga- 
ments of  the  pelvic  bone  and  femur  not  represented.  Head  of 
femur  lodged  in  a  deep  acetabulum,  overhung  by  a  rough  reverted 
ledge  of  the  promontory.  Process  on  posterior  border  of  femur  for 
attachment  of  great  posterior  ligament  Characteristic  distal  end  of 
femur,  anterior  ^  bevelled  for  muscular  attachment,  posterior  § 
adapted  for  articulation  with  tibia  at  knee  joint,  the  whole  end  rough 
where  it  had  been  covered  by  the  distal  cartilage  of  the  bone. 
The  tibia  (always  cartilaginous)  of  characteristic  form. 


Edikbttroh.  March,  1893. 


COMPARATIVE  OSTEOLOGICAL  NOTES  ON  THE 
EXTINCT  BIRD  ICHTHYORNIS.  By  Dr  R.  W. 
Shufeldt. 

Twelve  years  ago,  when  Marsh  published  his  Odonton^nitkes^ 
and  described  therein  the  various  species  of  the  fossil  genus  of 
birds  called  by  him  Ichthyornis}  it  would  appear  from  the 
descriptions  that  the  skeletons  of  Ichthyomis  victor  and 
/.  dispar  and  others  of  the  group,  in  so  far  as  existing  birds 
are  concerned,  were,  among  the  Longipeniiea,  only  osteologically 
compared  with  Sterna  regia.  It  has  always  been  the  opinion 
of  the  writer  of  the  present  article  that  it  was  unfortunate  for 
science  that  Professor  Marsh  did  not  make  far  more  comparisons 
of  his  fossil  birds  with  the  skeletons  of  existing  forms  than  he 
appears  to  have  done,  judging  from  the  monograph  just  cited. 
Had  he  done  so,  I  am  confident,  and  other  comparative  osteolo- 
gists are  of  the  same  opinion,  he  never  would  have  suspected 
Hesperomia  of  having  been  "  essentially  a  carnivorous,  swim- 
ming ostrich,"  2  nor  have  stopped  short  with  "  a  Tern  "  where- 
with to  compare  Ichthyomis.  So  far  as  I  am  at  present  aware. 
Professor  Marsh  has  never  extended  those  comparisons,  at  least 
we  have  never  seen  any  published  account  of  his  having  done 
so.^  But  avian  anatomy  is  coming  on  apace,  and  some  of  its 
objects  in  the  future  will  be  to  clear  up  such  questions, 
and  by  more  extended  researches,  of  a  comparative  nature, 
solve  many  problems  now  more  or  less  obscure.  While  such 
advances  are  being  made,  avian  anatomists  are  quite  content  to 
rest  under  the  not  very  weighty  cloud  of  entertaining  "  unique 
views "  and  other  heresies,*  so  long  as  truth  at  last  prevaila 

^  Marsh,  0.  C,  Odontomitlies,  a  Monograph  on  the  Extinct  Toothed  Birds  of 
North  America.     Washington,  1880  (Government) 

2/&td.,  p.  114. 

*  Shufeldt,  R  W.,  **  Concerning  the  Taxononay  of  the  North  American  Pygo- 
podes,  based  upon  their  Osteology,"  Jour,  of  Anai.  and  Phys,,  vol.  xxvi  Lond., 
Jan.  1892.     See  the  writer's  remarks  upon  page  202. 

^  As  a  good  example  of  the  reluctancy  on  the  part  of  some  systematic  ornitho- 
logists to  adopt  the  result  attained  to  by  comparative  anatomists,  see  the  friendly 
'^"ntroversy  carried  on  by  Ridgway  and  Shufeldt  in  The  Popular  Science  Nexct  of 
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This  will  come  about  the  sooner  in  some  directions  when  the 
government  collection  of  fossil  birds,  long  ago  described,  and 
now  in  the  custody  of  the  author  of  the  Odontomithes,  are 
placed  in  a  government  museum  and  accessible  to  students  of 
such  subjects.^  Without  enumerating  any  of  the  many  in- 
stances in  ornithology  where  the  developments  of  comparative 
anatomy  of  birds  have  corrected  the  views  of  those  who  have 
trusted  alone  to  the  characters  presented  on  the  part  of  external 
structures,  I  would  like  in  the  present  article  to  say  something 
about  the  Skimmers  of  the  genus  Rhynchops.  One  of  the  two 
species  of  this  genus,  viz.,  R,  nigra  is  represented  in  the  avi- 
fauna of  the  United  States,  and  through  the  courtesy  of  the 
United  States  National  Museum  I  have  had  the  opportunity  of 
examining  the  skeleton  of  a  specimen  of  that  bii'd.^  Most 
ornithologists  have  said  that  the  Skimmer  is  nothing  more  than 
a  slightly  modified  Tern ;  but  ever  since  I  have  paid  any  atten- 
tion to  the  structure  of  that  type  I  have  contended  that  the 
gap  between  Rhynchops  and  the  other  Longipennea  of  the 
suborder  is  considerably  greater  than  those  ornithologists  are 
disposed  to  believe.  For  example,  Newton  has  said,  "Some 
authors  make  a  family  of  the  genus  RhyTichopa,  but  it  seems 
needless  to  remove  it  from  the  Laridce  (Gulls).  In  breeding- 
habits  the  Skimmers  thoroughly  agree  with  the  Terns,  the 
largest  species  of  which  group  they  nearly  equal  in  size,  and 
indeed  only  seem  to  differ  from  them  in  the  mode  of  taking 
food,  which  of  course  is  correlated  with  the  extraordinary 
formation  of  their  bill."  ^ 

Coues  considers  them  only  in  the  light  of  a  subfamily — 
Bhynchopince, — and  says,  excepting  a  few  structural  characters, 

Boston,  on  the  Systematic  Position  of  the  Swifts  and  Humming  Birds.  Sept , 
Nov.  1892,  and  probably  foUowing  issues. 

iQsborn,  Henry  Fairfield,  "A  Reply  to  Professor  0.  H.  MarsVs  'Note  on 
Hesozoic  Mammalia,'  "  a  paper  read  before  the  Geol.  Sec.  A.  A.A.S.,  Washington, 
D.C.,  Aug.  21,  1891,  pub.  in  Arner.  Nat.,  Sept.  1891,  see  p.  776.  "Without 
question,  these  and  all  other  U.S.  Geological  Survey  types,  now  that  they  have 
been  described  and  figured  by  the  author,  should  be  placed  in  the  National 
Museum,  where  they  could  be  studied  under  the  ordinary  Museum  restrictions." 

*  Bhynchops  nigra,     ColL  U.S.  Nat.  Mus.,  No.  19103. 

'Newton,  Alfred,  art.  "Skimmer,"  Eiicy,  BriL,  9th  ed.,  vol.  xxii.  p.  120. 
This  writer  believes  that  the  peculiar  structure  of  the  bill  is  the  orUy  anatomical 
difiference  between  Bhyruhops  and  the  Terns. 


338  DR  R.  W.  SHUFKLDT. 

*'  their  general  economy  is  the  same  as  that  of  Terns."  ^  The 
American  Ornithologists'  Union,  however,  place  the  Skimmere 
in  a  separate  family — the  Bhyrichopidce,  a  place  they  most 
surely  deserve  if  we  intend  to  show  that  they  are  well  separated 
from  the  Laridce,  as  their  skeletons  indicate.^  I  say  their 
skeletons  because  unfortunately  I  have  not  yet  had  the  oppor- 
tunity of  examining  any  of  the  other  systems,  except  the 
.osseous  system  in  one  of  those  birds.  Sometime  in  the  future 
it  may  be  my  good  fortune  to  do  this.  Other  ornithotomists  of 
recent  time  are  in  the  same  case,  and  it  would  appear  that 
neither  Garrod  nor  Forbes,  ever  paid  any  attention  to  the  '*  soft 
parts  "  of  the  Ehynchopidoe.^  Fiirbringer,  who  from  the  enor- 
mous extent  of  his  work  upon  the  taxonomy  of  the  class,  had 
frequently  to  rely  upon  the  opinion  of  others,  did  so  appa- 
rently in  the  case  of  Rhynchops.  By  him  the  Skimmers  are 
not  even  raised  to  subfamily  rank>  Such  facts  as  these  were 
passing  through  my  mind  recently  as  I  compared  my  skeleton 
of  lUiynchops  nigra  with  the  skeleton  of  several  species  of 
Terns,  and  Qulls,  and  Au^,  and  other  birds.  It  struck  me  as 
remarkable  that  there  should  be  no  difference  in  the  form  of 
the  bills  as  they  occur  in  nestling  Terns  and  in  the  nestlings  of 
that  species  of  Skimmer  known  as  IL  dUncoUia ;  ^  the  peculiar 
form  of  the  bill  which  the  latter  has  when  adult  is  only  developed 
as  the  bird  matures.  I  was  led  to  extend  my  comparisons  by 
comparing  the  bones  of  the  skeleton  of  the  Skimmer  with  the 
corresponding  ones  of  the  two  species  of  Ichthyomis  figured  by 
Marsh  in  the  Odontomithes,  already  cited  above.  But  first  as 
to  the  Gulls  and  Terns — I  found  that  structurally  the  former 

^  Cones,  E.,  **  Key  to  North  American  Birds,"  rev.  ed.  1884,  p.  772.  Here, 
however,  we  find  a  few  important  habits  enumerated  distinguishing  the  Skim- 
mers and  the  Terns,  and  of  the  first  this  ornithologist  says  they  are  "somewhat 
nocturnal ; "  they  *' fly  in  close  flocks,"  and  their  "voice  is  very  hoarse,"  fcc 

3  The  A.O.U.  Code  and  Check  List  of  North  American  Birds.  New  York, 
18S6,  p.  96. 

>  Garrod,  A.  H.,  Collected  Scientific  Papers,  London,  1881.  On  p.  127,  he 
simply  points  out  that  Bhynchops  is  a  "  schizorhinal  bird." 

Forbes,  W.  A.,  Collected  Scientific  Papers,  London,  1885.  This  author  never 
appears  to  have  examined  the  morphology  of  the  JRhyncKopidce  at  all. 

^Fiirbringer,  Max.,  "  Untersuchungen  zur  Morphologic  und  Systemadk  der 
Vogel,"  1888.     P.  1160. 

^  Anderson,  A.,  "  Remarks  on  exhibition  of  young  examples  ofBhynehops  aUn- 
collis  and  Sterna  aurantia,"  P.Z,S.f  Dec.  4,  1877,  p.  807. 
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approach  the  latter  at  several  points,  aad  Coues  has  truly  stated 
that  "  such  subgenera  as  Xema  and  Greagrua  among  Larina 
change  the  Larine  very  gradually  to  the  Sternine  form,  meeting 
on  the  confines  of  the  latter  subfamily,  such  a  subgenus  as  the 
thick-billed,  short-tailed  OeLochdidon^  to  render  the  transition 
still  less  abrupt"  ^ 

Xemfui  aabini  has  not  a  little  in  its  skeleton  to  remind  us  of 
the  skeleton  in  the  Terns,  but  still  there  are  also  numerous 
distinct  osteological  differences,  and  these  can  be  easily  pointed 
out  by  comparing  its  skeleton  with  the  skeleton  of  a  specimen 
of  Sterna  macru/ra  {8.  pcuradisoea  of  the  A.O.U.  List — ^the 
Arctic  Tern).  These  differences  may  with  advantage  be 
arranged  in  the  form  of  a  synoptical  table,  thus : — 

Xema  sabini. 

1.  OsaeooB  mandibles  flbowing  a 
curved  culmen  and  symphyBis  rami 
as  the  anterior  apex  ia  approached 
and  met. 

2.  Interorbital  Beptam  and  an- 
terior cranial  wall  showing  de- 
ficiencies or  vacuities. 

3.  Inturned  processes  at  the  arti- 
cular extremities  of  mandible  barely 
touch  the  paroccipital  projections  at 
the  base  of  the  cranium. 


Sterna  macrura. 

1.  Osseous  mandibles  very  gradu- 
ally approach  the  apex,  they  being 
drawn  out  more  acutely  than  in  the 
QuU. 

2.  Those  vacuities  are  far  more 
extensive. 


4.  Narial  apertures  at  the  sides  of 
the  superior  mandible  extend  )  the 
distance  forwards  towards  the  apex 
of  the  latter. 

5.  Os  uncinatwn  exceedingly 
small  (may  not  ossify  in  some  m- 
dividnals  ?) 

6.  Hsemapophyses  of  last  pair  of 
ribs  reach  the  sternum,  to  articulate 
therewith. 

7.  Pelvis  inclined  to  be  narrow 
and  long. 

8.  Notches  in  xiphoidal  extremity 
of  sternum  are  of  good  size. 


3.  These  processes  articulate, 
though  not  extensively,  with  the 
paroccipital  processes  (this  condi- 
tion is  carried  to  the  extreme  in 
Bhynchops), 

4.  Narial  apertures  at  the  sides  of 
the  superior  mandible  extend  only 
^  the  distance  forwards  towards  the 
apex  of  latter. 

5.  08  uneinatum  3  millimetres  or 
more  long  in  this  species.' 

0.  Hsemapophyses  of  penultimate 
pair  of  ribs  fail  to  reach  the  ster- 
num ;  and  the  last  pair  are  rudi- 
mentary and  without  costal  ribs. 

7.  Pelvis  inclined  to  be  broad 
and  short. 

8.  Notches  in  xiphoidal  extremity 
of  sternum  small. 


*  Coues,  K,  Birds  of  the  North-  West,    Washington,  1874,  p.  692  (Government). 

'  It  is  really  remarkable  how  much  alike  the  skulls  of  these  two  genera  are, 
belonging  as  they  do  to  different  subfamilies.  In  some  Terns  the  supra-orbital 
glandular  depressions  on  the  superior  aspect  of  the  cranium  may  not  meet  in  the 
median  line,  as  they  do  in  Xtma  and  Sterna  macrura.  An  example  of  this  is 
seen  in  a  skeleton  of  a  Tern  marked  S.  aretica,  belonging  to  the  United  States 
National  Museum.  In  it  there  is  an  interval  of  a  couple  of  millimetres,  but  I 
am  inclined  to  believe  this  character  varies  a  good  deal 

VOL.  XXVII.  (N.S.  vol.  VII.)  2  A 
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Differences  to  be'^found  in  the  shoulder-girdles,  and  the  limb- 
bones  of  the  skeleton  of  these  two  birds  are  quite  insignificant, 
and  hardly  worth  the  mention. 

The  differential  characters  as  seen  in  the  ribs  are  by  no 
means  to  be  relied  upon,  and  they  may  vary  for  the  two  sides 
of  the  same  individual.  The  specimen  of  the  skeleton  of  S. 
Wjocmra  before  me,  for  instance,  has  seven  costal  ribs  articu- 
lating with  the  sternum  upon  the  right  side,  and  only  eix  upon 
the  left. 

As  in  Larue  glancue  I  find  the  vertebral  column  composed 
of  41  vertebrae  plus  a  pygostyle,  and  I  am  inclined  to  believe 
that  this  is  the  rule  for  all  the  typical  species  of  the  family 
Laridce.  When  I  say  this  I  am  aware  that  Coues  found  42  in 
both  Stercorarius  pomatorhinvs  and  Larue  argentatus,  and 
but  41  in  a  skeleton  of  Sterna  kirundo ;  and  the  reckonings 
of  Owen  as  well  as  of  Eyton  are  still  wider  of  the  true  mark 
{Birds  of  the  North-West,  pp.  695,  596).  The  count  really  is 
15  cervicals  (the  lasb  two  bearing  free  ribs);  6  dorsals;  12 
sacrals ;  and  8  caudals ;  and  a  pygostyle.  If  this  latter  be  counted 
as  a  single  caudal  vertebra,  then  the  chain  consists  of  42,  as 
stated  by  Coues,  who  may  have  done  this  in  his  reckoning. 

At  this  point  we  are  now  prepared  to  make  a  comparison 
with  one  of  the  Ichthyornine  types,  and  we  find  that  Marsh 
compared,  in  this  particular,  Ichthyomis  dispar  with  Sterna 
cantiaca  (Qmelin).  He  found  21  presacral  vertebrae  (cervico- 
dorsal  series),  the  same  number  now  existing  in  the  representa- 
tives of  the  modem  family  Laridce.  He  adds,  however,  that 
the  "  sacrum  of  Ichthyomis  differs  from  that  of  the  Tern  in 
having  only  10  vertebrae  in  the  coossified  sacral  series,  while 
there  are  13  in  Sterna  regia"  Coues  found  only  11  in 
Sterna  hi/rundo,  and  I  count  12  in  all  the  Terns  I  have 
examined.^  Marsh  further  says,  "The  tail  in  Ichthyomis  is 
notable  mainly  for  being  of  the  modern  ornithic  type,  thus 
widely  differing  from  that  of  both  Archoeopteryx  and  Hesperor- 
nis,  the  only  other  two  Mesozoic  birds  in  which  this  organ  is 
preserved.  The  tail  in  the  genus  Ichthyomis  was  compara- 
tively short,  and  the  terminal  vertebrae  were  coossified." 

"A  series    of   7    caudal    vertebrae    are    preserved    in  one 

^  Coues,  £.,  loe,  cU,  p.  595.     Marsh,  0.  C,  OdorUomiUuSt  p.  162. 
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specimen  of  Ickthyomis  victor.  They  pertain  to  the  median 
and  distal  part  of  the  tail,  although  not  including  the  extreme 
end,  a  portion  of  the  i>ygo$tyle,  or  the  part  formed  by  the 
united  centra  of  the  terminal  vertebrse,  being  lost."  Taking 
this  as  it  stands,  it  would  give  Ickthyomis  but  38  vertebrsB  in 
its  spinal  column,  plus  a  pygostyle.  From  this  we  may  judge 
that  3  vertebrse  of  /.  victor  were  not  found,  and  al- 
though Marsh  says  that  they  "pertain  to  the  median  and 
distal  part  of  the  tail,''  they  may  nevertheless  have  been  uro- 
sacrals,  which  were  free  in  that  fossil  form,  and  in  which  case  it 
may  have  had  a  nuihber  in  its  vertebral  chain  co-equal  with 
existing  larine  t}rpes.  Or,  what  is  more  likely,  only  one  caudal 
vertebra  was  missing,  and  Marsh  made  a  miscount  of  the  num- 
ber included  in  the  coossified  sacrum  of  Ichthyomis  victor,  for 
upon  examining  his  figure  of  the  pelvis  of  that  ancient  bird 
{Odontomithes,  pi.  xxxiii.  fig.  3)  and  comparing  it  with  the 
same  view  of  a  pelvis  of  a  Tern,  Sterna  macrura,  it  would 
appear  to  possess  12  sacral  vertebrae,  or  a  number  equal  to  those 
in  the  sacrum  of  a  Tern.     I  am  inclined  to  this  latter  view. 

Let  us  now  retrace,  as  it  were,  the  line  of  our  comparisons, 
and  introduce  here  some  of  the  characters  of  the  Ichthyornine 
skull,  and  Marsh  observed  that  "  In  Ichthyomis  dispar,  the  type 
of  the  genus  Ichthyomis,  and  of  the  order  ODONTOTORiifi,"  we 
find,  and  continuing  the  quotation  from  this  point  and  synoptic- 
ally  comparing  the  data  with  Rhynchops  and  a  Tern,  that  in, — 


ICHTHYORNIS  DI8FAB. 

1.  The  skull  was 
very  large  in  propor- 
tion to  the  rest  of  the 
skeleton.^ 

2.  The  cranial  por- 
tion of  the  skull  is 
quite  short,  hut  the 
facial  part  is  much 
produced. 

3.  Above  the  con- 
dyle, the  occipital  por- 
tion of  the  skull  was 
nearly  vertical  The 
lateral  margin  of  this 


Rhtnchops  nigra. 

1.  The  skull  as  larce 
in  proportion  to  the 
rest  of  the  skeleton,  as 
it  is  in  Ichthyomis 
diipar, 

2.  Cranium  com- 
paratively short,  with 
the  facial  part  pro- 
duced. 

3.  Ahore  the  con- 
dyle, the  occipital  area 
is  nearly  vertical.  The 
lateral  margin  of  this 
surface  is  bounded  by 

^  Odontomithes,  p.  120,  et.  seq. 


Sterna  magrora. 

1.  The  skull  not 
especially  large  in 
proportion  to  the  rest 
of  tne  skeleton. 

2.  The  facial  but 
slightly  exceeding  the 
cranial  portion  of  the 
skolL 

3.  Above  the  con- 
dyle, the  occipital  area 
looks  downwards  and 
slightly  backwards. 
The  lateral  margins  of 
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ICHTHTORNIS  DISPAB. 

— CcmtinvMi. 

surface  is  bounded  by 
a  sharp  ridge  which 
separates  it  irom  the 
temporal  fossa,  and  this 
united  with  its  fellow 
above  was  continued 
forward  on  the  median 
line,  as  a  sagittal  crest, 
between  the  temporal 
fossae.  The  latter  were 
large  and  deep,  and 
were  separated  from 
the  orbit  Dv  a  moderate 
post-orbital  process. 

4.  Deep  glandular 
depressions  along  the 
roof  of  the  orbits, 
similar  to  those  on  the 
cranium  of  Hesperomisj 
and  some  recent  water 
birds. 

6.  Sacrum  projected 
beyond  the  ilia,  pos- 
teriorly {Odontoniithes^ 
PL  xxii.). 

6.  Femur  more  than 
half  the  length  of  the 
humerus. 


Rhynchops  nigra. — 
CoTitintied. 

a  pronounced  ridge 
separating  it  from  the 
temporal  fossa ;  and 
this  nearly  unitiug 
with  the  opposite  one, 
forms  a  low,  median, 
sagittal  crest,  separat- 
ing the  large  and  deep 
temporal  fosses.  Post- 
orbital  processes  of  good 
size. 


Sterna  macrura.— 
Continued, 

this  surface  being 
bounded  by  a  faint 
elevation  separating  it 
from  the  tempotnl 
fossa.  The  temporal 
fossee  are  shallow,  and 
a  sagittal  crest  not 
developed.  Post-orbital 
processes  small  and  in- 
significant 


4  Super-occipital 
glandular  depressions 
deep,  and  wide  apart 


5.  Sacrum  of  pelvis 
projects  to  the  extent 
of  nearly  two  vertebrae 
beyond  the  ilia,  pos- 
teriorly. 

6.  Femur  less  than 
half  the  length  of  the 
humerus. 


4.  Super-occipital 
glandular  depression? 
shallow,  and  divided 
only  by  a  median  line. 


5.  Sacrum  does  not 

Eroject  beyond  the  iliac 
ones  posteriorly. 


6.  Femur  still  leas 
than  half  the  length  of 
the  humerus  as  com- 
pared with  Bhynchopi. 

Had  I  the  fossil  material  of  Ichthyomis  diapar,  described  by 
Marsh,  no  doubt  I  could  find  other  points  for  comparison,  but 
that  privilege  is  denied  me.  In  so  far  as  his  figures  go  in  the 
Odontomithes,  nothing  would  be  gained  by  contrasting  the 
skeletons  farther,  as  the  skeletal  characters  in  the  fossil  form 
depart  too  widely  from  the  two  existing  types.  For  instance, 
the  humeru8  of  /.  diapar  approached  the  Pterydociyls  in 
character,  and  its  coracoids  decussated  in  the  coracoidal  grooves 
upon  the  sternum. 

In  some  minor  characters  Ickthyomia  seemed  to  come  nearer 
the  Oulls  than  it  did  the  Terns,  while  upon  the  whole,  as  my 
comparisons  given  above  go  to  show,  it  possessed  more  in 
common  with  our  now-existing  Rhychopidce  than  with  the 
StemincB,  This  is  most  apparent  in  the  cranium ;  in  the  laige 
skull  compared  with  the  rest  of  the  skeleton ;  and  in  certain 
'aracters  in  the  vertebral  chain  and  pelvis. 


A  NOTE  ON  THE  ANATOMY  OF  THE  HYMEN  AND 
ON  THAT  OF  THE  "POSTERIOR  COMMISSURE 
OF  THE  VULVA."  By  Charles  J.  Cullingworth, 
M.D.,  F.RC.P.,  Obstetric  Physician  to  St  Thomas's 
Hospital,  London. 

1.  Note  on  the  Anatomy  of  the  Hymen. 

The  hymen  is  stated  in  the  text-books  to  present,  iu  the  adult 
virgin,  several  varieties  of  form,  of  which  the  crescentic  is  the 
most  common,  other  not  unusual  varieties  being  the  annular 
and  the  cribriform.  The  aperture  is  usually  described  and 
figured  as  being  either  circular  or  oblong,  and  its  edges  are  said 
to  lie  apart. 

The  object  of  this  paper  is  to  point  out  that  these  descrip- 
tions convey  an  erroneous  impression,  being  based  ou  the 
appearance  presented  by  the  parts  when  held  asunder,  and  nob 
as  they  are  when  allowed  to  retain  their  natural  position  and 
relations. 

For  many  years  it  has  been  my  custom  to  make  vaginal 
examinations  with  the  patient  lying  in  the  dorsal  position, 
with  the  knees  flexed  and  widely  separated,  and  before  a  good 
light.  In  this  position  a  full  view  of  the  vulva  is  obtained, 
and  I  have  thus  been  enabled  to  observe,  and  to  demonstrate  to 
my  class,  the  natural  position  and  relations  of  the  external 
genital  organs  as  they  are  seen  in  the  living  subject,  and  before 
the  parts  have  been  in  any  way  disturbed.  The  position  and 
relations  of  the  structures  so  displayed  vary,  of  course,  according 
to  whether  the  patient  under  examination  is  or  is  not  a  virgin, 
and  in  the  latter  case  according  to  whether  she  has  or  has  not 
borne  children.  I  propose  to  limit  myself  here  to  the  conditions 
met  with  in  the  adult  virgin.  Normally,  the  hymen  in  the 
adult  virgin  is  completely  concealed  from  view  by  the  labia 
minora,  which  close  over  it,  with  their  internal  surfaces  in 
apposition,  and  their  edges  (supposing  the  subject  to  be  in  the 
dorsal  position)  directed  forwards.     On  separating  the  labia 
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minora  in  such  a  manner  as  not  to  disturb  the  structures  lying 
in  the  plane  behind  them,  another  pair  of  closed  lips  is  exposed 
to  view.  These  lips  are  formed  by  the  firee  border  of  the  hymen, 
and  close  the  orifice  of  the  vagina.  No  actual  opening  is  seen 
either  into  the  vagina  or  the  urethra.  The  orifices  of  both  the 
urethra  and  the  vagina  are  vertical  slits,  bordered  by  lips,  the 
inner  surfaces  of  which  are  in  close  apposition,  and  the  edges 
of  which  are,  like  bhosa  of  the  labia  minora,  directed  forwards. 
The  lips  of  the  hjrmen  are  pale,  moist,  and  thin,  their  free 
borders  being  sometimes  straight  and  even,  but  often  irregu- 
larly denticulate  or  notched.  Their  upper  extremities  meet  in 
a  little  fold,  the  apex  of  which  is  prolonged,  so  as  to  reach  and 
partially  conceal  the  lower  extremity  of  the  orifice  of  the 
urethra,  and  constitute  the  so-called  fleshy  caruncle,  often  re- 
commended as  a  landmark  for  discovering  the  meatus  urinarius 
when  passing  a  catheter. 

If  an  elliptical  or  slit-like  opening,  like  that  of  the  hymen,  be 
dilated  by  a  more  or  less  cylindrical  body,  the  obvious  result 
will  be  to  separate  its  sides  and  to  widen,  or  even  obliterate,  the 
angle  at  each  end.  In  the  case  of  the  hymen,  such  dilatation 
may  take  place  either  from  without  (by  sexual  iutercouise, 
digital  examination,  or  the  introduction  of  pessaries  or  specula) 
or  from  within  (by  the  passage  of  the  child  during  parturition,  or 
by  the  extrusion  of  a  congenitally  elongated  cervix,  or  a  partially 
prolapsed  utenis).  Except  in  the  healthy  virgin,  therefore,  the 
apex  of  the  folded  hymen  is  seldom  recognisable  as  a  distinct 
prominence,  and  this  is  the  reason  why,  when  wanted  as  a  laud- 
mark,  it  so  often  cannot  be  found.  It  has  disappeared  in  con- 
sequence of  the  alterations  that  repeated  dilatation  has  produced 
iu  the  hymen.  Hence,  I  entirely  agree  with  Dr  Coe  ("Amer. 
Syst.  of  Gynecology  and  Obstetrics,"  GyTiecology,  voL  i,  Edin., 
1887,  p.  115)  in  his  opinion  that  **  in  passing  a  catheter  by  the 
sense  of  touch  the  physician  will  do  well  to  disregard  the  rule 
laid  down  in  most  of  the  text-books  on  obstetrics,  and,  instead 
of  searching  the  vestibular  area  for  a  guide  to  the  meatus,  to 
look  for  it  at  once  in  the  median  line  immediately  above  the 
vaginal  outlet." 

A  much  better  rule  than  the  one  commonly  given  is  to  intro- 
duce the  forefinger  into  the  vagina,  with  its  palmar  surface 
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againat  the  aateiior  wall,  in  the  substance  of  which  the  urethra 
is  embedded,  and  can  easily  be  felt.  This  method  has  other 
advantages  besides  that  of  being  universally  applicable.  It 
ensures  that  the  catheter  does  not  enter  the  vaginal  orifice  by 
mistake  for  the  urethra,  and  it  enables  the  iustrument  to  be 
felt  and  directed  by  the  finger  as  it  passes  along  the  urethral 
canal. 

The  inferior  extremities  of  the  lips  of  the  hymen  are  coo- 
tinned  into  a  somewhat  longer  fold,  consisting  of  the  lower  part 
of  the  hymen  (which  is  considerably  broader,  from  its  free  to  its 
attached  border,  than  the  upper  part)  folded  together,  with  the 
edge  of  the  fold  forwards.  The  whole  hymen,  then,  may  be 
described  as  a  long  fold  of  mucous  membrane  with  its  edge 
directed  forwards,  and  divided,  along  about  three-fourths  of  its 
length,  by  a  slit,  which  extends  nearer  to  its  upper  than  its 
lower  extremity.    The  slit  constitutes  the  orifice  of  the  vagina. 

If  the  lips  of  the  hymen  be  separated,  the  appearances 
usually  described  will  be  seen,  viz.,  a  fold  of  mucous  membrane 
surrounding  the  vaginal  orifice,  broader  below  than  above,  and 
with  its  free  edge  more  or  less  everted.  It  is  often  stated 
that  the  hymen  is  occasionally  absent.  I  have  had  occasion 
during  the  last  twenty  years  to  examine  a  very  considerable 
number  of  women,  and  I  have  never  yet  seen  a  woman  in 
whom  the  hymen  could  not  be  found,  or  even  one  in  whom  it 
was  not  easily  demonstrable.  In  fact,  it  is  quite  exceptional  to 
meet  with  a  case  presenting  any  marked  departure  from  the 
type  I  have  just  attempted  to  describe.  Occasionally,  there  are 
lateral  notches  of  such  a  depth  that  the  lips  of  the  hymen  close 
in  a  more  or  less  cruciform  manner,  and  now  and  then  I  have 
seen  the  lips  meet  altogether  transversely  instead  of  vertically.  A 
cribriform  hymen  is  a  curiosity  I  have  yet  to  see,  and,  until 
I  do  see  it,  or  discover  some  one  who  has  seen  it,  and  upon 
whose  accuracy  of  observation  I  can  rely,  I  shall  feel  myself 
justified  in  regarding  its  existence  as  problematical. 

Of  the  changes  that  are  produced  in  the  hymen  by  abnor- 
malities— such  as  persistence  of  the  vaginal  septum,  and  con- 
genital elongation  of  the  cervix;  by  pathological  conditions, 
such  as  prolapse  of  the  pelvic  floor  (which  occasionally  occurs 
even  in  the  virgin) ;  by  sexual  intercourse  and  by  parturition — 
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it  ia  no  part  of  my  present  purpose  to  speak.    I  should  like, 
however,  to  call  attention  to  a  paper  puhlished  in  the  Path. 
Trans,  for  1890  by  my  colleague,  Mr  Shattock,  the  Curator  of 
the  St  Thomas's  Hospital  Museum.    "If,''  says  Mr  Shattock, 
"  the  termination  of  the  vagina  is  examined  in  a  fcetus  of  the 
earlier  months  by  separating  the  labia,"  it  is  seen  to  project 
"  forwards  into  the  cleft  between  the   labia  as  two  apposed 
longitudinal  lips."     He  proceeds  to  show  from  actual  prepara- 
tions that  the  male  also  possesses  a  hymen.    Leuckart  pointed 
out  in  1852  that  the  vesicula  prostatica  represents  not  only 
the  uterus  but  the  vagina  of  the  female,  and  it  occurred  to  Mr 
Shattock  that,  this  being  the  case,  an  analogue  of  the  hymen 
would  be  found  in  the  adult  male  at  the  spot  where  the  pros- 
tatic vesicle  opens  into  the  urethra.     He  accordingly  made 
dissections,  and  found  that  the  termination  of  the  male  vesicula^ 
as  viewed  on  opening  the  prostatic  urethra  through  its  anterior 
wall,  consists  of  two  projecting  apposed  longitudinal  lips,  forming 
a  miniature  hymen.     It  is,  in  fact,  this  male  hymen  that  consti- 
tutes the  eminence  of  the  verumontanum.     I  merely  mention 
this  homology  as  an  extremely  interesting  scientific  fact.     The 
point  to  which  I  wish  particularly  to  call  attention  is  that  the 
form  of  the  adult  hymen,  as  I  have  described  it,  is  precisely  the 
same  as  that  of  the  foetal  hymen,  viz.,  an  elliptical  slit,  with 
apposed  longitudinal  lips.^ 

2.  Note  on  the  Anatomy  of  the  "  Posterior  Commissure  of  the 

Vvlvar 

With  regard  to  the  "  posterior  commissure  of  the  vulva,"  I 
have  only  one  or  two  remarks  to  make.  In  the  first  place, 
extensive  clinical  observation  enables  me  to  corroborate  the 
statement  of  Luschka,  that  it  is  the  posterior  junction  of  the 
lahia  minora,  and  not  that  of  the  labia  majora,  that  consti- 
tutes this  commissure.    The  lahia  minora  are  in  some  women 

^  Etoii  careful  writers  speak  of  the  vaginal  orifice  as  transverse.  Tke  vagina 
itself  is  transverse— that  is,  its  apposed  walls  are  anterior  and  posterior,  not 
lateral.  But  the  entrance  to  the  va^na  is  a  vertical  slit,  and  is  at  right  angles 
to  the  vsgina  itself.  The  orifice  of  the  vulva  and  that  of  the  vagina  are  thus 
alike  in  their  direction,  both  being  bounded  by  lips  that  meet  along  the  middle 
line. 
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deeply  pigmented.  It  is  iu  such  women  that  the  correctness  of 
Luschka's  observation  can  be  most  easily  demonstrated,  for  the 
pigmentation  is  continued  across  the  anterior  boundary  of  the 
perineum.  But,  apart  from  this,  if  any  one  will  take  the  trouble, 
in  an  adult  virgin,  to  draw  the  lahia  minora  gently  upwards, 
taking  one  between  each  thumb  and  forefinger,  he  will  find  that 
they  pull  on  the  fourchette  and  draw  it  upwards  too,  and  he 
will  see  that  the  structures  are  in  all  respects  similar  and 
continuous.  No  such  effect  is  produced  on  the  fourchette  by 
upward  traction  on  the  Idbia  majora,  and  I  am  not  aware  of 
the  existence  of  any  evidence  in  favour  of  the  still  too  common 
statement  that  the  posterior  commissure  of  the  vulva  is  con- 
stituted by  the  labia  majora. 

There  is  one  other  point  which  I  wish  to  mention,  viz.,  the 
situation  of  the  orifice  of  the  duct  of  the  vulvo-vagiual,  or 
Bartholin's  gland.  It  is  frequently  stated  that  it  is  situated  in 
the  foaaa  navicularia.  This  is  not  the  case.  The  fossa  navi- 
cularis  is  the  part  intervening  between  the  fourchette  and 
the  posterior  part  of  the  hymen ;  whereas  the  ducts  open,  not 
behind  the  vaginal  orifice,  but  by  the  side  of  it,  and  neai*er 
its  anterior  than  its  posterior  extremity.  In  other  words,  they 
open  on  the  inner  aspect  of  the  lahia  minora,  close  to  the 
groove  between  the  labia  minora  and  the  hymen. 


ON    THE    MYOLOGY    OF    THE    ANENCEPHALOUS 
FGITUS.    By  Bertram  C.  A.  Windle,  M.A.,  M.D.,  D.&X, 

Professor  of  Anatomy  in  Mason  College,  BirTaingham. 

Thanks  to  the  investigations  of  Abraham  and  others  Tvhose 
names  are  mentioned  in  the  short  bibliography  appended  to 
this  paper,  it  is  well  known  that  the  sterualis  muscle  occurs 
frequently  in  the  type  of  monster  dealt  with  in  this  commnnica- 
tion, — more  frequently,  as  my  figures  show,  than  in  normal  sub- 
jects.    I  have  for  some  time  wished  to  ascertain  whether  other 
abnormalities  of  the  muscular  system  occurred  in  these  cases 
with  greater  frequency  than  in  ordinary  subjects;  and  if  so^ 
what  was  the  nature  of  the  deviation  from  the  usual  type. 
Having  accumulated  a  supply  of  anencephalous  foetuses,  I  have, 
with  the  assistance  of  my  pupils  Messrs  J.  Ganner,  R.  A.  Ben- 
nett, and  J.  C.  Griffiths,  to  whom  my  best  thanks  are  due  for 
their  help,  made  an  examination  of  the  musculature  of  ten 
cases,  notes  of  which  are  appended.    I  should  here  state  that  the 
examination  has  been  confined  to  the  muscles  of  the  limbs  and 
their  girdles,  since  the  shortening  of  the  neck,  together  with  the 
constantly  accompanying  Spina  Bifida,  have  rendered  any  accu- 
rate dissection  of  the  muscles  of  the  neck  and  trunk  impossible. 
No.  1.  Female.      Cleft  palate,  not  alveolar.      A   stemali.s 
muscle  is  present  on  the  left  side,  which  involves  the  whole 
depth  of  the  central  fibres  of  that  part  of  the  pectoralis  major 
which  arises  from  the  sternum  and  ribs.     These  fibres  being 
rotated  upwards,  a  gap  is  left  in  the  muscle,  through  which  the 
subjacent  pectoralis  minor  can  be  seen.     The  left  upper  ex- 
tremity presents   the    following  abnormalities:    (1)   Palmaris 
longuR  is  double.     (2)  A  small  muscular  slip  arises  from  the 
inner  condyle  of  the  humerus,  and  passes  to  be  inserted  into  the 
outermost  part  of  the  flexor  profundus  digitorum.     (3)  There 
ai^e  two  special  extensors  of  the  index,  besides  the  slip  from  the 
common  extensor.     The  last-mentioned  abnormality  occurs  also 
on  the  right  side.     On  both  sides  there  is  a  detached  muscle 
lying  in  front  of  psoas  magnus,  and  occupying  the  position  of 
the  psoas  parvus,  which  it  probably  representa     This  muscle  is 
inserted  into  the  lesser  trochanter  of  the  femur.     The  straight 
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head  of  the  rectus  femoris  is  absent  ou  the  left  side.  The 
extensor  proprius  hallucis  of  the  left  side  supplies  an  extensor 
primi  internodii  hallucis. 

No.  2.  Male.  No  sternalis  muscle  is  present.  In  the  right 
upper  extremity  there  is  a  muscular  slip  arising  with  the  supi- 
nator longus  from  above  the  external  condyle,  which  joins  the 
supinator  brevis.  The  flexor  sublimis  digitorum  on  the  same 
side  sends  no  tendon  to  the  little  finger,  there  being  thus  only 
three  tendons  to  this  muscle.  Psoas  magnus  is  divided  into 
two  portions,  one  being  external  to  the  other  and  smaller. 
Both  are  inserted  together.     Plantaris  is  absent  on  one  side. 

No.  3.  Female.  No  sternalis  muscle  is  present.  In  the  left 
upper  extremity  there  is  a  muscular  slip  arising  from  the  in- 
ternal condyle  of  the  humerus,  which  joins  the  outer  part  of  the 
flexor  profundus  digitorum.  There  is  a  similarly  arising  slip  on 
the  right  side,  which  passes  down  the  fore-arm,  sends  an  indepen- 
dent tendon  under  the  annular  ligament,  and  joins  that  tendon 
of  the  flexor  profundus  which  is  destined  for  the  index  finger. 

No.  4.  Female.  No  sternalis  muscle  is  present.  The 
platysma  is  unusually  well  developed,  and  extends  for  some 
distance  over  the  surface  of  the  thorax.  In  the  right  upper 
extremity  there  are  two  special  extensors  to  the  little  finger* 
and  an  extensor  medii  digiti,  as  well  as  the  normal  tendons  from 
the  common  extensor.  In  the  left  upper  extremity  there  is  a 
second  extensor  secundi  internodii  pollicis  arising  with  the 
extensor  indicis.     The  plantaris  of  the  right  side  is  absent. 

No.  5.  Male.  There  is  a  sternalis  muscle  on  the  left  side 
which  does  not  involve  the  entire  depth  of  the  pectoralis  major 
muscle,  but  lies  superficial  to  its  remaining  fibre3.  On  both 
sides  a  muscular  slip  arises  by  a  tendon  from  the  outer  side  of 
the  short  head  of  the  biceps,  and  is  inserted  into  the  humerus 
by  the  side  of  the  coraco-brachialis.  On  the  right  side  there  is 
a  condylar  head  to  the  flexor  longus  pollicis.  On  the  same  side 
the  fleshy  fibres  of  the  triceps  are  continuous  with  those  of 
anconeus,  the  extensor  carpi  radialis  lougior  is  inserted  by  two 
distinct  tendons,  and  there  is  no  palmaris  longus.  The  extensor 
proprius  hallucis  on  one  side  is  inserted  by  two  tendons. 

No.  6.  Female.  There  are  two  remarkably  developed 
etemales  which  arise  from  the  aponeurosis  of   the  external 
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oblique  muscles.  Passing  upwards,  they  unite  to  form  a  flat 
tendon  which  overlies  the  manubrium  steruL  With  the  upper 
and  outer  angles  of  this  tendon  the  tendons  of  the  sterno- 
mastoid  muscles  are  continuous.  These  muscles  are  also  parti- 
cularly strong,  and  the  continuity  which  they  have  with  the 
sternales  is  easily  demonstrated  by  pulling  upon  their  teDdons. 
The  sternales  present  some  differences  upon  the  two  side& 
That  of  the  right  side  passes  over  the  pectoralis  major,  which  is 
otherwise  normal  in  appearance  and  connections.  On  the  left 
side,  however,  the  entire  of  the  fibres  of  the  pectoralis  major 
which  are  normally  its  lowest  are  rotated,  and  thus  a  gap  is  left 
through  which  the  pectoralis  minor  can  be  seen.  Moreover, 
there  is  on  this  side  an  additional  portion  of  the  pectoralis 
major  which  arise  from  the  false  ribs,  and  from  the  aponeurosis 
of  the  external  oblique  muscle.  This  is  inserted  into  the  hamenis 
with  the  deeper  part  of  the  pectoralis  major.  Finally,  in  this 
region  there  are  distinct  muscular  fibres  in  the  fascia  overlying 
the  external  oblique,  which  resemble  a  pauniculus  carnosaa 

In  the  right  upper  extremity  there  is  an  axillary  sling,  arising 
from  the  latissimus  dorsi,  and  inserted  by  two  tendons  with  the 
pectoralis  major.  In  the  left  lower  extremity  the  peroneus 
tertius  forms  the  greater  part  of  the  muscular  belly  of  extensor 
longus  digitorum.  In  the  right  lower  extremity,  tensor  vaginae 
femoris  is  unusually  large,  extending  half  way  down  the  thig^h. 
The  accessorius  is  unconnected  with  the  flexor  longus  digitorum, 
but  sends  tendons  of  its  own  to  the  second  and  third  toes. 

No.  7.  Male.  There  is  no  stemalis  muscle  present.  On  both 
sides,  but  more  markedly  on  the  right,  there  is  a  separate  portion 
of  the  pectoralis  major  arising  from  the  false  ribs  and  aponeu* 
rosls  over  the  external  oblique  muscles,  which,  passing  upwards 
more  in  the  long  axis  of  the  body  than  the  remaining  portions 
of  the  muscle,  is  inserted  with  its  deeper  fibres.  Palmaris  longus 
is  absent  on  the  left  side. 

No.  8.  Male.  There  is  no  stemalis  muscle  present.  Palmaris 
longus  is  absent  on  both  sides.  There  is  an  extensor  medii 
digiti  on  the  right  side.  On  the  left  side,  a  muscle  occupying 
in  the  abdomen  the  position  of  psoas  parvus,  is  inserted  into  the 
lesser  trochanter  as  in  No.  1. 

No.  9.  Male.     There  is  no  stemalis  muscle  present.    In  the 
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right  upper  extremity,  the  fleshy  fibres  of  triceps  are  continuous 
ipirith  those  of  anconeus.  In  the  left  upper  there  is  a  condylar 
bead  for  flexor  longus  pollicis.  Peroneus  tertius  has  an  un- 
usually large  muscular  portion. 

No.  10.  Female.  There  is  a  well-marked  stemalis  on  the  left 
side,  which  does  not  involve  the  deeper  fibres  of  the  pectoralis 
major. 

The  anterior  belly  of  the  omo-hyoid  on  the  left  side  is  repre- 
sented by  a  band  of  fibrous  tissue  destitute  of  muscular  fibres. 

I  now  proceed  to  give  a  few  notes  respecting  some  of  these 
abnormalities.  The  muscular  slip  from  the  biceps  (No.  5)  is 
the  slip  from  that  muscle  to  the  internal  intermuscular  septum 
described  by  Quain  and  Macalister  (Catalogue,  p.  83).  The 
connection  between  the  triceps  and  anconeus  has  been  described 
by  Harrison  and  Macalister  (p.  79). 

The  additional  slip  to  the  supinator  brevis  (No.  2)  is  the 
epicondylar  head  of  Sandyfort,  also  described  by  Halbertsma 
and  Testut  (p.  516).  It  is  present  in  various  mammals,  and  the 
last-named  author  found  it  particularly  well  represented  in 
Troglodytes  niger.  Palmaris  longus  was  double  in  one  fore-arm, 
absent  in  five.  This  gives  a  proportion  of  absence  to  presence 
of  one  to  four,  which  is  greater  than  that  observed  in  normal 
subjects  according  to  Macalister  (1  in  10). 

I  have  dealt  with  the  subject  of  the  accessory  heads  of 
flexores  longus  pollicis  et  profundus  digitorum  elsewhere,  and 
suggested  the  name  of  Condyio-radialLs  for  the  former  (the 
accessorius  ad  pollicem  of  Gantzner),  and  those  of  Centralis  and 
(Jondylo-ulnaris  for  the  latter,  the  former  of  the  two  last- 
mentioned  slips  joining  the  outer,  and  the  latter  the  inner, 
edges  of  flexor  profundus  digitorum.  In  the  paper  alluded  to, 
I  gave  in  a  table  the  range  of  these  additional  slips  amongst  the 
Mammalia.  Adopting  this  terminology  for  the  present,  it  will 
be  seen  that  Condylo-radialis  was  present  in  the  foetuses 
examined  in  two  fore-arms,  and  Centralis  in  three,  two  of  these 
being  on  the  same  body.  The  abnormality  connected  with 
flexor  sublimis  digitorum  (No.  2)  has  been  observed  by  Wood, 
Macalister  (p.  89),  and  othera  According  to  Testut,  when  the 
tendon  to  the  minimus  is  absent,  its  place  is  taken  by  a  short 
palmar  muscle,  but  none  such  was  obser^-ed  in  this  instance. 
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The  auomalies  of  the  extensor  muscles  of  the  hand  and  foot  are 
fairly  common,  and  call  for  no  special  notice. 

The  abnormal  insertion  of  psoas  parvus  (1  and  8)  has  beeu 
described  by  Le  Doubla 

It  remains  to  speak  of  the  abnormalities  of  the  pectoral 
region.  The  Chondro-epitrochlearis  (Wood)  or  Abdomino- 
humeralis  (Zenker)  is  well  knowu,  as  is  also  the  axillary  sling.  I 
have  discussed  their  relationship  to  the  pectoral  group  of 
muscles  in  another  paper,  and  need  not  delay  further  over  them 
here.  As  regards  the  sternalis  muscle  also  in  these  forms  much 
has  been  written,  and  I  shall  therefore  content  myself  by 
briefly  alluding  to  a  few  points  in  connection  with  it. 

In  the  first  place,  it  may  be  noted  that  the  kind  of  sternalis 
is  different  in  many  cases  of  anencephalus  from  that  which  has 
been  observed  in  ordinary  subjects.  This  difference  consists  in 
the  fact  that  the  entire  depth  of  the  fibres  of  the  pectoralis 
major  is  affected,  a  condition  which  I  do  not  think  has  been 
described  in  any  ordinary  dissecting-room  subject.  I  have 
collected  records  of  twenty-two  cases  where  this  muscle  has 
been  observed  in  anencephalous  foetuses.  In  twelve  of  these 
the  entire  depth  of  the  pectoral  was  affected,  whilst  in  ten  the 
abnormal  muscle  lay  superficial  to  the  normal.  So  far  as  these 
figures  go,  they  show  that  a  greater  number  of  the  unusaal 
form  of  sternalis  muscle  is  met  with  in  these  monsters  than  of 
the  usual.  In  the  second  place,  there  are  now  a  number  of 
statistics  from  which  a  comparison  may  be  instituted  as  to  the 
relative  frequency  of  occurrence  of  this  abnormality  in  normal  and 
anencephalous  subjecta  These  figures  are  shown  in  the  following 
tables. 

Table  I. — Sternalis  in  Anencephxdoua  Foetttsea, 


Observer. 

Absent. 

Present 

on  both 

sides. 

Present 

on  R. 

side. 

Present 

on  L. 

side. 

present^ 

side 
doubtful. 

Totals. 

Abrab&m, 
Shepherd,     . 
Cunningham, 
Windle,    .     . 

Totals, 

5 

1 

5 

17 

8 
4 
1 
4 

2 
2 

4 

4 

■- 

11 
9 
6 

27 

28 

12 

4 

3 

1 

53 
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Table  II.— 8Ur> 

nalv 

9  in 

other  Bubjedi 

Stemales. 

?. 

t 

Observer. 

SabjecU. 

WooO.       .... 

Turner, 

Wenzel  Gmber, 

Macalbter,         .... 
Le  Double,         .... 
Schwalbe  and  Pfitzner, 
Windle, 

' 

7 
21 

5 
21 
83 

4 

5 

175 
630 
95 
850 
722 
238 
108 

'                                                           ToUle 

1 

1 

96 

2818 

From  these  tables  it  appears,  that  so  fiar  as  preseut  statistics 
go,  a  sterualis  is  present  in  nearly  fifty  per  cent,  of  the  anence- 
phalous  foetuses  which  have  been  examined  for  this  purpose 
whilst  in  other  subjects  it  occurs  in  something  less  than  five  per 
cent.     Thus  it  is  ten  times  as  common  in  the  former  type. 

From  the  fact  given  above,  the  following  conclusions  may  be 
drawn  as  to  the  myology  of  the  anencephalous  foetus. 

1.  The  stemalis  excepted,  the  musculature  does  not  present 

abnormalities  different  in  nature  to,  or  in  a  more  strik- 
ingly frequent  manner  than,  those  of  ordinary  subjects. 

2.  The  stemalis  occurs  about  ten  times  more  frequently  in 

anencephalous  than  in  ordinary  forma 
8.  The  form  of  stemalis  met  with  is  one  which  often  departs 
remarkably  from  the  type,  if  not  from  the  kind,  met  with 
in  other  cases. 
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CONTRIBUTIONS  TO  THE  HISTOLOGY  OF  THE 
HEDGEHOG.  By  E.  W.  Carlikr,  M.D.,  B.Sc.,  F.R.M.&, 
Senior  Assistant  to  the  Professor  of  Physiology  in  iJu 
University  of  Edinburgh}    (Plate  XXL). 

Part  IV.  The  Lymphatic  Glands. 

StroTTKi  of  ths  Giami.— Kolliker,2  Leydig,^  Toldt*  Frey.» 
Erause,^  Orth/  Schafer^  and  others  maintain  that  the  fioe 
reticulum  found  in  the  gland  substance  proper,  and  bridging 
across  the  lymph-sinuses,  is  composed  of  nucleated  branched 
cells  united  by  their  processes. 

Elleubergher  ®  Bizzozero,^®  Ranvier ,"  Klein,"  and  Hoyer  "state 
that  this  reticulum  is  composed  of  connective-tissue  fibres 
embraced  by  clasping  connective-tissue  cells.  Hoyer,  by 
digesting  the  gland  in  pancreatic  glycerine  extract,  and  then 
washing,  obtained  a  beautiful  fine  network  of  connective-tissue 
fibrils  free  from  cells  that  had  undergone  digestion  and  solu- 
tion.    He  figures  the  network. 

Similar  results  may  be  obtained  in  the  hedgehog  by  shaking 
thin  sections  of  the  gland  in  water,  and,  if  necessary,  any  cells 
still  remaining  can  be  removed  by  pencilling  with  a  fine  brush 
There  can  be  no  doubt  that  the  latter  is  the  correct  view,  for 
in  the  case  of  the  cat  no  such  trouble  need  be  taken,  fine 

^  Parts  L  and  IL  appeared  in  the  October,  and  Part  IH.  in  the  Janoaty 
number  of  this  volume  of  the  Journal. 
3  EoUiker,  ffandbuch  der  Oetoebelehre,  1867. 
'  Leydig,  Lekrbueh  der  Histologie  des  Men8chen  und  der  Thiere,  1857. 

*  Toldt,  Lehrbuch  der  QevoebeUhre,  1877. 

'  Frey,  Handhwch  der  Histologie  und  HistochemU  des  Menachen^  1874. 

*  Erause,  Allgemeine  und  Mikroskopisehe  AncUomie,  1876. 
^  Orth,  Cursus  der  normcUen  Sistologie,  1878. 

»  Schafer,  Histology,  1887. 

*  Elleiibergher,  Handbueh  der  Fergleichenden  Histologie  und  PKysiologie  der 
Haussaugethiere,  1887. 

^®  Bizzozero,  Sulla  struttura  delle  ghiandole  lin/atiehe,  1872. 
"  Ranvier,  Traitd  technique  d^ Histologie^  1876. 
"  Klein,  Histology,  London,  1886. 

*»  Hoyer,  "Beitrag  zur  Kenntniss  der  Lymphdriisen,"  Archiv /.  Mikro.  AnaL, 
Bd.  34,  p.  208. 
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sections  of  the  gland  exhibit  the  direct  continuity  of  the  stranda 
of  thifl  network  with  the  fibroas  trabeculse  from  which  they 
spring  (fig.  6,  PL  XXI.).  Moreover,  in  the  lymph-glands  of  the 
ox,  clasping  cells  may  often  be  seen  partially  detached  from 
the  strands  adhering,  it  may  be,  by  the  tips  of  their  wings 
only. 

The  fibrous  trabeculse  in  the  hedgehog  are  not  of  large  size, 
but,  like  the  capsule,  contain  a  considerable  number  of  non- 
striped  muscle  fibres  embedded  in  the  connective  tissue. 

The  Cortical  Lymph-Nodules  are  interesting  in  that  they 
exhibit  very  clearly  three  well-marked  zones.  The  nodules  vary 
considerably  in  size,  and  in  the  centre  of  each  there  is  a  pale 
looking  area  termed  by  Flemming^  the  ''keim  centrum"  or 
germinal  centre,  which  varies  in  size  in  different  cases,  and 
consists  of  cells  with  a  relatively  large  amount  of  protoplasm 
surrounding  a  large  centrally  placed  nucleus.  Under  favourable 
conditions,  numerous  mitotic  figures  may  be  seen  in  these  cells, 
amongst  them  a  few  lymph-corpuscles.  On  account  of  the 
energy  exhibited  by  these  cells  in  the  ox  and  some  other 
animals,  Flemming  named  them  germinal  cells,  and  he  believes 
that  lymph-corpuscles  result  from  their  division,  which  sub- 
sequently become  pushed  out  towards  the  periphery  of  the 
nodule,  from  whence  they  escape  into  the  lymph-sinuses. 

His  ^  mentions  that  these  germinal  centres  are  richly  supplied 
with  capillary  blood-vessels,  and  Flemming  also  noted  the 
occurrence  of  arterioles  in  them,  a  fact  easily  demonstrated  in 
the  hedgehog.  External  to  the  germinal  centre  there  is  a  well- 
marked  zone  densely  packed  with  lymph-corpuscles  of  the  usual 
type,  some  of  which  may  be  seen  undergoing  mitosis ;  outside 
this  there  is  another  zone  extending  to  the  margin  of  the 
nodule,  in  which  the  cellular  elements  are  less  densely  packed. 
They  exhibit  mitotic  figures,  but  not  so  numerously  as  the  cells 
of  the  germinal  centre.  On  the  whole,  it  would  seem  that  the 
cortical  nodules  of  the  lymph-glands  are  centres  for  the  active 
production  of  lymph-corpuscles. 

The  8inu8€8, — The  cells  of  the  lymph-sinuses  have  been  care- 

*  W.  F.  FlommiDg,  "  Studien  iiber  Regeneration  der  Gewebe;"  Archiv  /. 
MUcro.  Anat,,  Bd.  24,  p.  50. 
«  HU,  Frey'a  ffandbueh  der  ffiaologict  Ac,  Leipzig,  1876,  p.  435. 
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fully  studied  by  Hoyer.^  In  addition  to  the  connective-iissae 
cells  clasping  the  fibres,  some  of  which  may  be  detached,  he  has 
described  other  five  varieties  of  cellular  elements,  viz.,  large  and 
small  lymph-corpuscles,  granule  cells  of  Heidenhain,*  degene- 
rate lymph-corpuscles,  and  phagocytes ;  all  these  different  kinds 
of  cells  may  be  found  in  the  hedgehog.  The  small  lymph- 
corpuscles  far  outnumber  the  others;  large  lymph-corpuscles, 
which  only  differ  from  the  small  variety  in  having  a  broader 
zone  of  protoplasm  around  a  somewhat  larger  nucleus,  are  abo 
very  numerous,  and  may  sometimes  exhibit  mitotic  figures. 
The  granule  cells  would  appear  to  be  by  no  means  common.  I 
take  it  that,  being  degenerating  leucocytes,  they  are  identical 
with  the  eosinophilous  cells  of  Ehrlich.^  Degenerating  lymph- 
corpuscles  may  also  sometimes  be  found,  but  apparently  in  no 
great  number.  The  phagocytes,  on  the  other  hand,  are  very 
numerous,  especially  during  hibernation;  they  may  exhibit 
various  kinds  of  debris,  from  mere  granules  of  colouring  matter 
even  to  entire  blood-corpuscles,  according  to  Hoyer.*  These 
cells,  however,  are  by  no  means  confined  to  the  lymph-ednuses, 
being  also  found  in  every  part  of  the  gland  excepting,  perhaps, 
the  germinal  centres  and  fibrous  tissue  generally. 

If  I  am  correct  in  believing  the  granule  cells  described  by 
Hoyer  to  be  eosinophilous,  then  he  has  overlooked  the  plasma 
cells,  which  may  usually  be  found  in  considerable  numbers  in 
every  part  of  the  gland,  more  especially  in  the  connective  tissue 
of  the  trabeculse  near  the  blood-vessels.  The  granules  of  these 
cells  stain  with  basic  anilin  dyes,  and  have  been  shown  by 
Korybutt-Daskiewicy^  to  be  overfed  white  blood-corpuscle& 
They  are  also  present  in  some  numbers  in  the  lymph  channels 
and  in  the  medullary  cylinders. 

During  Hibernation  some  remarkable  changes  occur  in  these 

^  Hoyer,  *'Beitrag  zur  Eenntniss  der  Lymphdriisen,"  Arehivf.  Mikro.  AnaL^ 
Bd.  84,  p.  208. 

^  Heidenhain,  PJluger^s  Archiv,  Bd.  43,  Supplement. 

'  Ehrlich,  "Ueber  die  specifischeQ  Grannlationen  des  Blutes,"  Verhandlungtn 
der  PhyHologie,  16th  May  1874,  No.  20. 

*  Hoyer,  *'  Beitrag  zur  Kenntniss  der  Lymphdriisen,"  Archiv  /.  Mikro.  AnaL^ 
Bd.  84,  p.  208. 

*  Korybutt-Daskiewicy,  **  Ueber  die  Entwiekelung  der  Nerven  und  Plasma* 
zellen  beim  Frosche,"  Archiv  f.  Mikro,  Anat,,  Bd.  16. 
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glands ;  the  germinal  centres  appear  to  be  at  rest,  aud  there- 
fore exhibit  very  few  mitotic  figures;   but  the  number  of 
phagocytes  becomes  greatly  increased ;  they  are  present  in  every 
part  except  the  fibrous  frameworL     They  occur  singly  or  more 
frequently  in  groups  of  about  a  dozen  (fig.  4,  PL  XXI.),  they  are 
of  large  size,  aud  usually  exhibit  a  single  oval  nucleus  which 
Btains  faintly,  and  is  situated  towards  one  side  of  the  cell; 
occasionally,  there  may  be  more  than  one  nucleua    The  proto- 
plasm stains  of  an  orange-yellow  tint  with  hsematoxylin  and 
eosin,  and  usually  contains  numerous  granules  of  a  goldeu- 
yellow  or  brown  pigment,  which  can  be  partially  blackened  by 
ammonium   sulphide  or  stained  blue  with  Barrett's  reagent, 
pointing  clearly  to  the  presence  of  iron  in  it,  and  no  doubt 
derived  from  haemoglobin* 

In  addition  to  these  granules,  many  cells  exhibit  shreds  of 
tissue  in  various  stages  of  degeneration,  small  rounded  spots 
that  stain  of  a  citron-yellow  colour  with  hsematoxylin  and 
eosin,  and  also  some  sky-blue  transparent  structureless  rounded 
bodies  (fig.  5,  PI.  XXI.).  I  have  not  been  able  to  satisfy  myself 
that  any  red  blood-corpuscles  occur  in  them  as  stated  by 
Hoyer,^  though  such  may  be  the  case.  These  cells  appear  to 
me  identical  with  the  well-known  macrophages  and  splenic 
cells  which  also  exhibit  the  same  staining  reactions  and  coloured 
contents. 

I  believe  they  do  not  attack  and  destroy  living  cells  as 
microphages  do,  but  that  their  protoplasm  picks  up  and  elimi- 
nates all  kinds  of  dead  cells  and  debris  found  circulating  in  the 
fluids  of  the  body ;  so  to  speak,  they  come  after  the  fray  and 
remove  the  dead,  being,  in  short,  not  soldiers  but  rather 
scavengers.  We  know  that  during  hibernation  large  numbers 
of  red  blood-corpuscles  disappear.  Almost  any  specimen  of 
blood  film  made  towards  the  end  of  that  period  will  exhibit 
some  red  corpuscles  apparently  in  process  of  disintegration.  It 
is  conceivable  that  the  remnants  of  such  cells  or  their  liberated 
haemoglobin  might  find  their  way,  together  with  the  colouring 
matter  derived  from  degenerating  muscular  tissue,  into  the 
lymph-stream  and  become  arrested  in  the  lymph-glands  where 

*  Hoyer,  "  Beitrag  zar  Eenntniss  der  Lymphdrusen,"  Archivf,  Mikro.  Anat,, 
Bd.  34,  p.  208. 
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these  large  cells  would  be  conveniently  situated  to  complete  the 

process  of  their  elimination.     It  does  not  seem  to  me  justifiable 

to  conclude  that  living  blood-corpuscles  are  seized  upon  and 

destroyed  either  by  these  or  by  the  splenic  cells,  though,  as 

shown  by  Hunter,^  a  great  haemolysis  undoubtedly  does  occur 

iu  the  spleen;  but,  when  dead,  I  see  no  reason  for  doubting 

that  blood-corpuscles  may  be  iogested  and  decomposed   by 

them. 

What  ultimately  becomes  of  the  macrophages  I  am  unable  to 

state;  whether  in  their  turn  they  die  and  are  devoured  by 
similar  cells,  which  is  quite  conceivable,  or  whether  they  ulti- 
mately fiud  their  way  to  the  liver,  where  such  cells  occur  as 
already  pointed  out,^  or  to  the  suprarenal  capsules,  where  they 
may  be  met  with  in  the  zona  reticularis,  and  there  be  broken 
down,  seems  doubtful,  as  they  are  not  very  numerous  in  either  of 
these  organs ;  that  they  do  disappear  after  hibernation  is  certain, 
for  during  summer  their  number  is  greatly  diminished. 

These  cells  are  in  no  way  identical  with  the  giant  cells  found 
in  the  spleen  of  thia  and  some  other  mammals,  except  in  so  far 
as  that  the  giant  cells  appear  during  hibernation  also  to  acquire 
phagocytic  habits. 

Another  remarkable  appearance  sometimes  presented  by  these 
glands  during  hibernation  is  the  presence  in  them  of  large 
multinucleated  cells,  or  groups  of  cells,  which  exhibit  the  same 
staining  reactions  as  the  phagocj^es  (figs.  1,  2,  and  3,  PL  XXL). 
It  was  suggested  to  me  by  Prof.  M'Fadyean  that  these  mi^ht 
be  groups  of  phagocjrtes  united  into  a  species  of  plasmodium, 
to  overcome  by  united  effort  some  particle  of  tissue  too  big  to 
be  ingested  by  a  single  cell.  We  know  from  the  researches  of 
Metschnikoff  and  others  that  such  combinations  of  cells  occur 
among  the  lower  organisms,  and  possibly  we  may  be  dealing 
with  a  similar  phenomenon  here,  but  up  to  the  present  time  I 
have  not  been  able  to  convince  myself  that  such  is  the  case  in 
this  particular  instance. 

These  large  cells  or  combinations  of  cells  are  by  no  means 
common,  and  a  great  many  more  would  have  to  be  examined 

1  W.  Hunter,  "The  Physiology  and  Pathology  of  Blood  Destruction,"  BritiA 
Medical  Journal,  vol.  ii.  p.  1223,  1892. 
^  See  this  Journal^  voL  xxvii.  p.  108. 
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before  one  would  feel  justified  at  arriving  at  such  a  conclusion, 
however  probable  it  might  seem.  Certain  it  is  that  such  bodies 
contain  debris  of  cells,  often  of  large  size,  and  multitudes  of 
pigment  granules,  and  if  they  are  not  combinations  of  cells,  I 
am  disposed  to  think  that  they  may  result  from  stimulation  or 
irritation  of  ordinary  phagocyte& 

Besides  the  pigment  granules  contained  in  the  phagocytes, 
there  are  numerous  highly  refractile,  brownish-yellow  granules 
floating  free  in  the  lymph-stream  or  adherent  to  the  cells  of 
the  stroma  throughout  the  gland ;  they  exhibit  the  iron  reaction 
when  treated  with  suitable  reagents,  and  are  derived  no  doubt 
from  the  colouring  matter  of  the  blood  and  muscular  tissues ; 
they  are  practically  absent  during  summer. 

There  is  also  an  increase  in  the  number  of  plasma  cells 
during  hibernation  in  the  fibrous  tissue  and  sinuses ;  I  am  at  a 
loss  to  account  for  this,  since  at  this  period  they  disappear 
almost  entirely  from  every  part  of  the  body  except  the  tongue. 

From  what  has  been  said,  it  will  be  seen  that  the  lymph- 
glands  play  a  very  important  part  in  the  economy  of  these 
animals,  cleansing  as  they  do  the  lymph-stream  from  many 
impurities  existing  iu  it  during  the  hibernating  state. 


EXPLANATION  OF  PLATE  XXL 

Fig.  L — A  Multinucleated  Giant  Phagocyte,  in  the  protoplasm  of 
which  many  pigment  granules  are  visible,  x  Ob.  ^  inch  water 
inmL  Beck,  and  Oo.  No.  3  Leitz. 

Fio.  2. — ^A  similar  body  with  nuclei  arranged  in  a  chain,  and  exhibit- 
ing vacuoles  as  well  as  pigment  granules,  x  Ob.  -^  inch  water 
imm.  and  Oc.  No.  3  Leitz. 

Fio.  3. — Sectional  view  of  a  Giant  Phagocyte.  The  nuclei,  in  each 
of  which  is  a  nucleolus,  are  grouped  together.  a,  nuclei  ap- 
parently situated  in  a  vacuole;  6,  macrophages  of  ordinary 
type  in  its  neighbourhood,  x  Ob.  ^  inch  water  imm.  Beck, 
and  Oc.  No.  3  Leitz. 

Fio.  4. — A  group  of  Macrophages  situated  in  a  Sinus  in  close  proximity 
to  a  Blood-vessel. 

Fig.  5. — A  group  of  Macrophages,  x  Ob.  ^  inch  oil  imm.  Zeiss  and 
Oc.  apochrom.  No.  4  Zeiss,  n,  in  all  cases  indicates  the  true 
nucleus  of  the  cell.  A,  the  protoplasm  which  is  vacuolated  {v) 
contains  pigment  granules  (p)  of  various  sizes  and  colours; 
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B  contains,  besides  pigment  granules  (p),  a  rounded  citraor 
yellow  body  (r)  that  may  possibly  be  a  red  blood-corpuscle; 
C  and  D  present  masses  of  coarse  pigment  granules  (a)  situated 
in  vacuoles ;  £,  besides  various  sized  vacuoles  (v),  one  of  which 
(d)  presents  a  double  outline,  a  vacuolated  mass  of  nuclear 
matter  (c),  in  which  is  a  nucleolus  (o),  is  seen  partly  encloBed  by 
the  protoplasm  of  the  macrophage ;  F,  a  vacuolated  maas  d 
nucleated  matter  (c)  in  process  of  breaking  down  is  here  seen 
entirely  enclosed  within  the  cell. 
Fig.  6. — Lymphatic  Qland  of  Cat.  x  Ob.  ^  inch  water  imm.  Beck, 
and  Oc.  No.  3  Leitz.,  showing  the  direct  continuity  of  the 
branched  fibrous  strands  of  the  adenoid  reticulum  with  the 
fibrous  tissue  of  a  trabecula;  c,  connective-tissue  cell  clasping 
a  strand ;  I,  lymph-corpusclea 


THE  ANATOMY  OF  ADVANCED  PREGNANCY  IN 
MACACUS  HHESUS  STUDIED  BY  FROZEN  SEC- 
TIONS, BY  CASTS  AND  MICROSCOPICALLY.  By 
D.  Berry  Hart,  M.D.,  RRCRE,  F.R.S.E.;  and  G. 
LovELL  GuLLAND,  M.D.,  F.R.C.P.E    (Plate  XXII.) 

A  FEW  months  ago,  we  were  fortunate  enough  to  obtain  a 
M'acacvs  Bhemjis  in  an  advanced  state  of  pregnancy.  Much 
work  has  been  done  recently  in  regard  to  pregnancy  in  apes  by 
W.  Turner  (17),  Waldeyer  (18  and  19),  and  Selenka  (13),  so  that 
we  were  anxious  to  fill  any  gap  in  our  knowledge  rather  than  to 
follow  in  the  path  already  so  ably  and  accurately  explored  by 
these  investigators.  Thus  it  seemed  to  us  that  one  could  accept 
unhesitatingly  what  Turner  and  Waldeyer  have  told  us  about 
the  intervillous  circulation  in  the  advanced  placenta  of  apes,  as 
well  as  the  dissectional  anatomy  of  Breschet  (1)  and  Selenka. 

We  therefore  determined  to  investigate  in  the  first  place  the 
frozen  sectional  anatomy  of  this  specimen,  to  take  casts  of  the 
uterine  cavity  and  foetus,  and  to  examine  the  microscopic  struc- 
ture of  the  placenta.  Dr  Gulland  gave  the  warning  indeed  that 
the  tissues  would  be  less  fitted  for  microscopical  investigation ; 
but  though  the  microscopical  sections  are  less  perfect  than  one 
could  wish,  they  are  definite  enough  for  practical  purposes. 

The  ape  was  accordingly  chloroformed,  and  when  dead,  placed 
in  a  freezing  mixture  for  several  days :  it  was  then  sawn  mesially 
and  drawn.  While  still  fi*ozen,  the  foetus  and  liquor  amnii  were 
lifted  out  and  casts  taken  of  the  uterine  cavity  and  foetus. 
Portions  of  the  placenta  and  uterine  wall  were  then  hardened, 
and  afterwards  cut  in  paraffin. 

We  now  purpose  considering  :— 

I.  The  general  anatcmiy  of  the  specimen  so  far  da  it 
bears  on  pregnancy. 

II.  l%e  uterine  andfcetal  casts, 

IIL  The  microscopical  structure  of  the  placenta. 

IV.  ITie  general  relation  of  apes  to  lower  forms,  and  to 
the  hv/man  fenwle  in  regard  to  menstruation  and 
pregnancy. 
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I.  The  general  anatomy  of  the  specimen  so  far  as  it  bears  on 
pregnancy. 

The  ape  was  evidently  a  young  female  Macacus  Bhesus,  18 
inches  from  head  to  breech.  The  sagittal  mesial  section,  unfortu- 
nately, did  not  hit  the  middle  line  exactly,  but  by  a  subsequent 
cut,  the  pelvis  was  cut  more  mesially.  The  pregnant  uterus 
measured  six  inches  vertically,  and  four  transversely  and  antero- 
posteriorly,  was  oval  in  shape,  and  contained  the  foetus  and 
liquor  amniL  It  was  probably  near  full  time.  The  uterine  wsJl 
measured  only  \  of  an  inch  on  section,  and  seemed  equally  thin 
throughout.  The  uuimpregnated  and  pregnant  uterus  in  the 
human  female  are  ecu;h  about  one  half  inch  thick. 

The  Fallopian  tubes  lay  vertically  in  the  abdominal  cavity, 
and  the  ovary  lay  behind  its  corresponding  tube.  In  the  left 
ovary  there  was  a  corpus  lutewm. 

The  more  mesial  section  of  the  pelvis  showed  the  vagina  at 
right  angles  to  the  brim,  instead  of  parallel  to  it  as  in  the 
human  female:  the  anal,  urethral,  and  vaginal  canals  were 
indeed  all  parallel  to  one  another.  The  bladder  was  loosely 
connected  to  the  pubis,  and  also  to  the  posterior  vaginal  wall 
The  glans  of  the  clitoris  was  grooved  on  the  vertical  mesial 
line. 

The  cervical  canal  was  peculiar.  It  was  somewhat  dilated, 
owing  to  the  plug  of  mucus  having  become  swollen,  and  was 
divided  into  two  parts,  the  lower  portion  being  more  dilated  than 
the  upper.  This  is  quite  diflferent  from  the  cervical  canal  of  the 
human  female,  which  is  a  slit>like  cavity  on  section,  with  its 
anterior  and  posterior  walls  in  apposition.  This  alteration  in 
the  cervical  canal  of  the  ape  may  be  artificial,  but,  at  any  rate, 
the  cervical  canal  in  this  case  resembled  that  of  the  human 
female  in  not  being  opened  up  from  above  down  by  the  advanc- 
ing pregnancy. 

The  other  points  in  relation  to  the  foetus  come  up  afterwards. 

II.  The  uterine  and  foetal  casts. 

Foetal  cast. — ^The  foetus  presented  the  head,  although  in 
most  cases — Turner's  (17),  Hunter's  (7) — it  has  at  full  time 
presented  the  breech.  The  antero-posterior  diameter  of  the 
head  lay  in  the  transverse,  and  not  in  an  oblique  as  it  usually 
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does  in  the  human  female.    The  foetal  attitude  was  quite  that 

of  the  full-time  human  foetus,  viz.,  body  with  marked  dorsal 

oizrve  and  convexity  posteriorly ;  arms  flexed  at  elbow,  right  arm 

somewhat  across  body,  left  arm  less  so ;  hands  flexed ;  thighs 

fl  exed  on  trunk,  leg  on  thigh,  toes  flexed  in,  big  toe  also.    The 

Instil  was  flattened  on  the  right  leg,  and  the  head  turned  a  little 

to  the  left  shoulder.    The  whole  attitude  is  practically  that  of 

the  human  foetus  in  utero  at  the  end  of  pregnancy,  but  the 

condition  of  the  hind  paw  is,  of  course,  entirely  different.     In 

tlie  human  foetus  the  foot  is  so  placed  that  the  dorsum  touches 

tiiB  anterior  aspect  of  the  leg,  an  arrangement  quite  the  opposite 

to  that  just  given  in  the  foetal  ape's  hind  paw.    The  doubled-up 

Icetus  measured  6^  inches  extended  (without  the  tail). 

The  uterine  cast, — This  cast  was  of  great  interest,  as  it  showed 
that  the  uterine  wall  was  moulded  on  the  uterine  contents. 
Thus  one  can  see  the  foetal  outlines  in  it :  also  the  groove  of  the 
tail  The  placental  areas  of  the  bilobed  placenta  are  well 
shown.  The  lobes  lay  as  usual,  dorsal  and  ventral  (in  relation 
to  mother).  Their  measurements  were  as  follows :  dorsal  3|"  x 
2i" ;  ventral  3"  x  3^ 

Their  relations  are  well  seen  in  the  cast. 
The  cord  was  attached  to  the  anterior  one  and  measured  4} 
inchea    The  vertices  and  sides  of  the  placentae  were  connected 
by  lai^e  foetal  vessels, — ^two  arteries  and  two  veins. 

It  thus  seems  that  the  uterine  wall  is  perfectly  passive  during 
pregnancy,  and  is  moulded  by  intra-abdominal  pressure  on  its 
contents,  a  condition  exactly  the  same  as  in  human  pregnancy. 

The  behaviour  of  the  uterus  during  labour  is  unfortunately 
not  known  in  apes,  but  it  is  to  be  hoped  this  gap  will  soon  be 
filled  up. 

in.  Structure  of  the  Placenta, 

After  the  freezing,  section-cutting,  and  casting  were  ter- 
minated, parts  of  the  placenta  were  cut  out  for  microscopic 
examination.  These  were  left  for  24  hours  in  saturated  solution 
of  picric  acid,  thence  removed  to  50  per  cent,  alcohol  for  12 
hours,  and  then  hardened  in  stronger  alcohols,  embedded  in 
paraffin,  and  cut  with  the  rocking  microtome.  The  sections 
were  fixed  to  the  slide  by  the  water  method,  and  stained  with 
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haematoxylin  and  eoslD.  Unfortunately,  the  placeata  had 
suffered  somewhat  by  the  preliminary  processes  to  which  it  had 
been  exposed,  and  the  preparations  are  not  so  perfect  as  might 
be  desired.  However,  although  they  do  not  enable  one  to  speak 
with  certainty  of  the  details  of  cell-structure  in  all  parts  of  the 
preparation,  there  is  no  difficulty  in  making  out  the  histological 
relationships  of  the  different  tissues,  and  the  appearsuices  we 
find  will,  we  hope,  throw  some  light  on  obscure  points  in  con- 
nection with  this  subject. 

It  is  unnecessary  to  enter  into  any  detailed  criticisni  of  the 
literature  bearing  upon  the  placenta  of  monkeya  This  has 
already  been  done  fully  by  Turner  and  Waldeyer,  and  the  only 
important  paper  which  has  appeared  since  the  work  of  the 
Berlin  Professor  is  that  of  Selenka.  The  points  raised  by  him, 
and  the  questions  discussed  by  Waldeyer,  can  be  best  approached 
in  describing  the  iudividual  parts  of  the  placenta.  The  amnion 
and  the  connective  tissue  of  the  chorion  and  chorionic  viiH 
have  often  been  described,  and  in  our  specimen  present  no 
peculiarities  calling  for  remark  Waldeyer  has  already  noted 
that  the  villi  are  more  sleuder  than  those  of  the  human  placenta, 
and  we  can  quite  confirm  this  observation. 

Turner  and  Waldeyer  have  also  so  fully  and  conclusively 
proved  that  the  intervillous  spaces  contain  maternal  blood,  that 
it  is  quite  unnecessary  to  discuss  that  question  further.  But 
when  Waldeyer  says  (19,  p.  45)  that  he  counts  himself  among 
those  who  accept  the  view  that  the  intervillous  spaces  represent 
dilated  capillaries,  whose  walls  are  preserved,  and  instead  of 
being  penetrated  by  the  villi  are  simply  invaginated  by  them, 
while  the  villi  permanently  retain  their  covering  of  foetal  epi- 
thelium, we  join  issue  with  him  at  once.  Apart  from  the 
question  of  the  preservation  of  the  capillary  walls,  which  we 
shall  take  up  immediately,  we  would  ask  how  it  comes,  if 
Waldeyer's  view  be  correct,  that  this  process  of  dilatation  of 
capillaries  has  never  been  observed  even  in  early  human  pr^- 
nancies  like  those  described  by  Keibel  (8)  and  ourselves  (3),  or 
in  the  still  earlier  pregnancies  of  monkeys  described  by  Selenka 
(13),  where  there  was  a  considerable  thickness  of  deddna 
serotina  still  unconverted  into  placenta  ? 

We  fail  to  understand  how  the  large  numbers  of  dilated 
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c^apillaries  which  are  pre-supposed  by  this  theoiy  uuite  into  the 
oommon  intervillous  space, — a  space  which  extends  apparently 
-unbroken  except  by  the  villi  all  through  the  placenta,  or  at  any 
rate  through  large  portions  of  it,  and  we  would  point  out  that 
^we  have  given  reasons  for  believing  that  the  intervillous  space 
is  originally  a  foetal  space,  which  becomes  secondarily  only  a 
part  of  the  maternal  circulation.     That  is  to  say,  we  have  shown 
that  the  degenerated  decidaa  serotina  is  removed  by  the  actively 
growing  epithelium  at  the  tips  of  the  villi,  and  that  the  inter- 
villous space  behind  this  attacking  line  is  bounded  only  by  the 
foetal  epithelium  covering  the  villi,  which  in  the  early  history 
of  the  placenta  is  a  double  layer ;  later  becomes  a  single  cubical 
layer,  and  that  this  single  layer  is  much   flattened   and  de- 
generated in  the  fail-time  placenta.     We  are  therefore  among 
those  who  believe  that  the  intervillous  spaces  are  extravascular 
spaces,  and  that  the  maternal  blood  makes  its  way  into  them 
only  after  the  walls  of  the  maternal  vessels  in  the  serotina  have 
been  destroyed     This  view,  or  something  nearly  approaching  it, 
is  upheld  also  by  Farre,  Eolliker,  Langhans,  and   Heinz  (cf. 
Waldcyer,  19,  p.  44),  and  we  consider  that  in  the  degenera- 
tion of  the  serotina,   the  thrombosis  of  its  vessels  and  the 
degeneration  of  their  walls,  which  we  have  demonstrated  in  the 
early  human  placenta,  we  find  ample  support  for  our  belie£ 
The  placenta  of  the  monkey  is  obviously  homologous  with  that 
of  man,  and  this  homology  has  been  accepted  by  all  writers  on 
the  subject,  so  that  we  feel  justified  in  taking  it  for  granted 
that  in  this  matter  also  the  correspondence  is  complete.    That 
this  destrucbion  of  vessels  by  placental  growth  can  happen  is 
proved  abundantly  by  every  extra-uterine  gestation,  as  there 
maternal  blood  is  invariably  estravasated  round  the  villi 

Waldeyer's  main  reason  for  regarding  the  intervillous  space 
as  representing  dilated  maternal  vessels  seems  to  be  that  he 
finds,  in  the  placenta  of  Inuua  Nemestrinus,  a  single  layer  of 
cells,  which  everywhere  borders  the  intervillous  space,  being 
continuous  with  the  endothelium  of  the  arteries  and  veins  which 
open  into  that  space,  covering  the  so-called  ''  decidual  hillocks," 
in  which  the  '' Haftzotten "  or  attaching  villi  are  embedded, 
and  covering  the  villi  and  the  under  surface  of  the  chorion.  He 
says  that  this  layer  is  easily  detached  from  the  subjacent  tissues, 


366  DBS  D.  B.   HABT  AND  O.  U   GULXAND. 

&Dd  regards  this  as  a  sign  that  it  is  eiidobhelium.  We  see  Uiis 
layer  perfectly  in  the  placenta  of  Macacus  Rhesiia — much  better 
than  in  any  human  placenta — and  note  also  how  easily  it  is 
detached,  but  we  consider  that  it  is  the  outer  layer  of  the  fceUl 
ectoderm,  and  we  shall  describe  it  as  sncb  in  due  course^  We 
would  point  out,  however,  that  the  ease  with  which  it  is  detached 
is,  to  our  minds,  a  proof  rather  of  its  epidermal  than  of  its 
endothelial  nature :  nothing  ia  more  difficult  than  to  sepaiate  a 
true  endothelium  from   subjaceot   tissue.      The   cells   have  a 
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Tig.  1.  Part  of  tha  amnion,  chorion  and  placenta  of  Mcuatiu  Thetut:—am., 
smnion  ;  eh.,  chorion ;  ch.  ep.,  fmtal  epithelinm  (ectoderm  coTering  the  chorioa 
and  main  villi) ;  ep.  del.,  the  enperficisl  layer  of  tha  epitheliam  detached  in 
places  (Waldejer'a  eadothelium] ;  c,  villns ;  v.  iL,  Tillous  stem  ;  arL,  artdj; 
m.,  rein  ;  I'.c.a.,  ioteirilloua  apace  containing  maternal  blood.    Ob.  |,  oc  1. 

character  totally  different  from  any  endothelium;  they  are 
cubical,  closely  set  together,  and  with  a  considerable  cell  body, 
and  we  koow  of  no  instance  elsewhere  where  an  endotheliom 
inclosing  enormous  masses  of  blood  is  apposed  over  a  vast  area 
to  epithelium,  and  especially  epithelium  belonging  to  another 
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iadiyidnal,  without  any  trace  of  connective  tissue  to  support  it. 
Moreover,  we  know  of  no  force  involved  in  the  formation  of  the 
placenta  which  could  act  so  as  to  dilate  capillaries  in  this 
imaginary  way,  nor  any  reason,  logical  or  histological,  why,  if 
all  the  other  tissue-elements  of  the  decidua  are  removed,  by  the 
villi  or  otherwise,  the  vascular  endothelium  should  be  spared 
entire,  and  moulded  to  the  surface  of  the  destroying  villi. 

In  the  discussion  of  the  relations  subsisting  in  the  placenta, 
too  little  attention  has  been  paid  by  many  authors  to  the  &ct 
that  the  tissues  of  two  separate  individuals  are  involved  in  its 
formation,  and  it  has  been  taken  too  much  for  granted  that  the 
uterus  had  an  important  part  to  play  in  the  formation  of  that 
org^n.    Turner,  however,  calls  attention  to  the  distinct  nature 
of  the  foetal  and  maternal  parts  of  the  placenta,  and  speaks  of 
the  foetus  as  a  parasite.     Selenka  also  regards  the  embryo  as  the 
parasite  of  the  uterus,  and  in  truth  all  our  observations  tend  to 
show  that  the  part  played  by  the  materual  tissues  is  mainly  a 
passive  one,  and  that  the  foetus  profits  by  the  degenerative  pro- 
cesses which  go  on  in  them.     Even  the  formation  of  the  decidua 
reflexa  seems  to  be  really  an  accident,  so  to  speak,  connected 
with  menstruation,  and   not  a  true  formative    process;    the 
fertilised  ovum,  implanted  on  the  surface  bared  by  the  menstrual 
flow,  ia  covered  over  by  the  rapid  growth  of  the  uterine  mucous 
membrane,  and  so  is  "healed  in"  as  any  other  non-irritating 
foreign  body  would  be.     When  the  ovum  begins  to  increase 
rapidly  in  size,  and   to  invade   and  press  upon  the  decidua 
reflexa,  that  envelope  degenerates  in  precisely  the  same  way  as 
the  serotina,  but  even  more  rapidly. 

The  covering  of  the  chorion  and  villi  is  entirely  foetal  there- 
fore, in  our  opinion,  and,  just  as  in  the  human  placenta,  it  diflers 
in  different  pleu^s.  One  point  in  dispute  between  different 
authors  is  whether  the  main  or  amniotic  chorion  is  covered  by  a 
single  layer  of  cells,  or  by  a  layer  of  several  cells.  Turner,  in 
Macacus,  found  a  layer  of  several  ceils ;  Waldeyer,  in  Inuus,  found 
a  single  layer.  Very  possibly,  as  Waldeyer  suggests,  the  placentae 
may  have  been  of  different  ages,  or  different  parts  may  have 
been  examined.  We  certainly  find  everywhere  a  many-celled 
layer,  but  differ  entirely  from  Turner  and  Waldeyer  in  our 
interpretation  of  it.     These  authors  seem  uncertain  whether  to 
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regard  it  as  decidual,  and  representing  Winkler's  "  SchlusepUtte,' 
or  as  chorioDic,  and  derived  from  connective  tissue  cell&  Wi> 
see  every  reason  to  regard  it  as  foetal  and  ectodermal.  It  cosO 
the  main  chorion  and  the  main  villi,  rutmiug  alonfi;  these  to 
become  continuous  with  the  ao-called  "decidual  hillocks "  iata 
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Fig.  2.  Section  through  the  same  placenta  to  illnatrate  the  i.ttachmant  to  tilt 
deidua  serotina : — deg.  v.,  dsgenerated  villi;  deg.  tp.,  degenerated  fatal  epi- 
thelium on  the  Burface  of  the  trophoblMt ;  dte.,  decidua  ;  deg.  dtc,  d^mnleil 
decidua  ;  A.,  so  called  "  decidual  hillock  " — trophoblHstic  expansion  of  die  f<ettl 
ectoderm  at  the  extremitieg  of  the  main  TiUi.    Other  lotten  as  In  fig.  1. 

which  the  main  villi  or  "Haftzotten"  run.  These  hillocks  we 
regard  as  expansions  of  the  fcetal  ectoderm  of  the  same  nature  as 
those  we  have  described  in  the  humau  placenta  (8),  but  which 
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seem  to  be  preserved  to  a  later  date,  relatively,  thau  in  man. 
The  cells  of  this  layer  are  obviously  different  in  character  from 
the  true  decidual  cells.  Next  the  chorion  is  a  layer  of  fairly 
columnar  cells;  then  they  are  disposed  more  irregularly,  and 
towards  the  surfisuse — the  intervillous  space — are  somewhat 
flattened,  while  the  superficial  layer,  that  which  Waldeyer 
regards  as  an  endothelium,  is  a  layer  of  flat  cubical  cells,  which, 
when  the  villi  are  cut  so  that  a  surface  view  of  them  is  obtained, 
are  almost  exactly  like  the  layer  of  epithelial  cells  covering  the 
amnion.  Nowhere  in  the  whole  of  this  layer,  either  on  the 
chorion  or  villi  or  in  the  so-called  **  hillocks,"  are  there  any  blood- 
vessels, leucocytes,  or  fibres,  all  of  which  are  invariably  present 
in  any  modification  of  the  uterine  mucous  membrane,  and  the 
cells  (and  nuclei)  are  all  very  nearly  of  the  same  size — a  char- 
acteristic of  epithelium  rather  than  of  connective  tissue. 

Perhaps  the  most  conclusive  proof  of  the  foetal  and  epithelial 
nature  of  this  tissue  is  the  fact  that  a  layer  presenting  exactly 
the  same  characters,  but  with  a  thickness  of  two  or  three  cells 
instead  of  six  or  a  dozen,  covers  the  surface  of  the  chorion  out- 
side the  placenta  altogether,  and  is  separated  by  a  layer  of 
degenerated  fibrinous-looking  material  from  the  remains  of  the 
decidua  vera,  which  are  quite  unlike  it  in  appearance. 

Where  the  main  villi  break  up  into  branches,  this  thick  layer 
thins  out,  gradually  or  abruptly,  and  the  small  villi  are  covered 
simply  by  the  single  superficial  layer,  which  has  the  same  char- 
acters here  as  over  the  "hillocks"  and  elsewhere,  and  these 
small  villi  have  much  the  same  appearance  therefore  as  the  villi 
in  a  human  placenta  of  about  seven  months,  when  the  epithelium 
of  the  villi  has  become  reduced  to  a  single  layer,  and  has  begun 
to  degenerate. 

The  so-called  ''decidual  hillocks"  require  a  word  or  two  of 
description.  They  are  to  be  found  at  the  points  where  the 
main  villi  come  in  contact  with  the  serotina,  and  the  old  idea 
in  regard  to  them  was  that  they  were  masses  of  decidual  cells — 
i.e.,  connective  tissue  cells,  which  in  some  unexplained  way 
formed  or  were  found  at  these  points.  Whether  the  villi 
tended  to  attach  themselves  specially  to  pre-existing  hillocks,  or 
whether  they  produced  these  masses  of  decidual  cells  by  some 
action  of  their  own,  no  one  seems  to  have  inquired,  though  the 
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first  supposition  seems  unlikely  and  the  second  well  nigh  impos- 
sible, as  the  hillocks  are  based  upon  degenerated  serotinal 
tissue. 

What  we  see  in  these  structures  is,  that  the  layer  of  foBtal 
ectoderm,  which  underlies  the  main  chorion  and  runs  along  the 
main  villi,  becomes  thick  and  massive  at  the  points  where  the 
main  villi  approach  the  serotina,  and  the  mass  of  cells  forms  a 
cone  into  whose  apex  the  villus-stem  is  inserted,  and  whose 
base  is  spread  out  upon  the  surface  of  the  serotina.  The  bases 
of  the  cones  usually  extend  somewhat  over  the  surface  of  the 
serotina,  much  more  than  the  corresponding  structures  in  the 
human  placenta  do,  except  in  the  very  beginning  of  its  histoiji 
and  the  base  of  one  cone  thus  generally  meets  or  nearly  meets  the 
base  of  another,  as  a  flattened  layer,  unless  the  opening  of  an 
artery  or  vein  into  the  inter-villous  space  breaks  the  continuity. 
The  layer  of  flattened  epithelium  (Waldeyer  s  endotheliudi)  passes 
from  the  villus-stem  over  the  surface  of  the  cone  which  is  turned 
towards  the  inter-villous  space,  and  runs  over  the  flattened 
layer  between  the  cones.  This  fact,  as  Waldeyer  himself  half 
acknowledges,  is  an  important  point  against  his  theory,  for  if  this 
layer  really  represented  the  endothelium  of  dilated  vessels, 
which  are  iuvaginated  before  the  growing  villi,  why  is  this 
layer  not  invaginated  befoi*e  the  main  villi  ?  Waldeyer  regards 
it  as  a  proof  of  the  correctness  of  his  view  as  to  this  layer,  that 
it  is  continuous  with  the  endothelium  of  the  arteries  and  veins 
opening  into  the  inter-villous  space,  but  as  this  layer  bounds 
the  whole  of  the  inter-villous  space,  it  could  hardly  but  be  con- 
tinuous with  the  endothelium;  that  continuity  cannot  imply 
identity  when  the  two  layers  are  so  totally  unlike  one  another. 
The  connective  tissue  core  of  the  villus  leaves  the  layer  behind 
it  at  the  apex  of  the  cone,  and  branches  and  re-branches  within 
the  cone  without  any  other  covering  than  the  cells  of  the  cone 
itself  These  cells  have  the  epithelial  characteristics  already 
mentioned,  and  we  see  every  reason  to  regard  them  as  homo- 
logous with  the  masses  of  fcetal  epithelial  cells  at  the  tips  of  the 
villi  which  we  have  described  in  the  human  placenta.  In  the 
monkey  this  structure  evidently  persists  to  a  later  period  than  in 
man — for  what  reason  we  do  not  venture  to  surmlsa  The  deep 
or  serotinal  surface  of  these  epithelial  cones  is  generally  slightly 
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degenerated,  especially  if  the  mass  of  cells  in  the  cone  is  large, 
not  so  much  in  the  flatter  expansions,  and  the  tips  of  the  con- 
nective tissue  branches  of  the  villi,  which  are  usually  flush  with 
the  serotinal  surface  of  the  cones,  are  always  markedly  degener- 
ated, the  nuclei  are  lost,  the  fibrillated  character  of  the  con- 
nective tissue  disappears,  and  the  villus  is  only  recognisable  by  its 
difference  from  the  sarrounding  structures  in.  the  matter  of 
staining.  This  tendency  to  degeneration  of  the  surface  of  the 
epithelial  part  of  these  cones  we  have  noted  also,  though  to  a 
much  less  extent,  in  the  human  placenta,  and  it  is  of  course  a 
common  phenomenon  in  all  many-layered  epithelia,  especially 
when  exposed  to  pressure. 

It  is  exceedingly  to  be  regretted  that  the  histological  part  of 
Selenka's  memoir  on  the  ape's  placenta  (13)  has  as  yet  only  the 
character  of  a  preliminaiy  notice,  and  that  he  has  not  at  all 
discussed  the  minute  structure  of  the  advanced  placenta;  for 
his  figures  show  us  that  between  the  early  stages  of  the  monkey's 
placenta  and  that  of  man,  there  is  the  most  startling  similarity. 
This  is  especially  to  be  noted  in  the  great  development  in  the 
monkey  of  the  ''  trophoblastic "  epithelium  at  the  tips  of  the 
vilU  {cf.  Taf.  35,  figs.  5,  11,  12;  Taf.  37,  fig.  5).  Selenka  has 
indeed  entirely  missed  the  significance  of  this  structure,  and 
regards  it  as  a  development  of  the  maternal  epithelium,  because 
he  regards  the  outer  layer  of  the  epithelial  covering  of  the  >illi 
as  maternal.  In  this  view  he  stands  at  the  present  daj'  almost 
entirely  alone,  and  his  own  figures  might  have  shown  him  his 
error.  As  Waldeyer  points  out,  the  characters  of  the  two  epi- 
thelia are  totally  different.  Selenka  lays  great  stress  upon  the 
fact  that  in  one  specimen  the  epithelium  at  the  end  of  a  villus, 
was  found  entering  a  large  dilated  gland,  but  in  the  figure 
which  he  gives  of  this,  none  of  the  twenty  or  thirty  other  vilU 
which  reach  the  serotina  enter  glands  at  all,  but  are  all  coated 
with  "  trophoblastic  "  epithelium  which  is  apparently  destroying 
the  serotina.  His  fig.  12,  Ta£  35,  might  have  been  drawn 
from  some  of  our  preparations  of  the  early  human  placenta. 
The  view  that  maternal  epithelium  enters  into  the  covering  of 
the  villi,  has  been  abundantly  discussed  by  Minot  (12)  and  our- 
selves, and  need  not  be  further  entered  into. 

The  decidua  serotina  is  robbed  by  us  of  its  *'  placental  layer  " 
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(Waldeyer  and  Turner),  which  consists  of  the  hillocks.  The 
superficial  part  of  the  serotina  we  find  msirkedly  degenerated, 
sometimes  forming  simply  a  fibrinous  mass,  just  as  in  the  human 
placenta,  and  the  extremities  of  the  mesoblastic  core  of  the  villi, 
themselves  degenerated,  sometimes  penetrate  this  layer.  Below 
this  layer  is  a  true  decidua,  not  very  different  from  the  haman 
serotina,  except  that  the  cells  are  never  so  large.  There  are 
many  vessels  in  this  layer,  whose  walls  are  often  considerably 
degenerated,  and  beneath  it  there  is  a  spongy  layer,  not  well 
developed,  but  having  the  same  characters  as  that  in  the  human 
placenta.  Waldeyer  doubts  the  presence  of  this  layer,  but  here 
again  a  difference  in  the  age  of  the  placentas  examined  may 
explain  the  discrepancy. 

The  decidua  vera  external  to  the  placenta  is  veiy  like  the 
serotina,  but  very  much  thinner  and  less  vascular. 

IV.  The  general  relations  of  apes  to  lower  Tnammals,  and  to  the 
hv/man  female  in  relation  to  menstrtuition,  the  deter- 
rriination  of  the  placental  site,  and  the  oi^igin  of  the 
umbilical  cord. 

Under  this  head,  we  wish  to  consider  some  special  points  of 
great  interest.    These  are : — 

(a.)  Menstruation  in  apes, 

(b.)  The  detei'm^ination  of  the  placental  site, 

(c.)   The  oHgin  of  the  umbilical  cord. 

(a.)  Menstruation  in  apes, — In  the  higher  apes  it  is  now 
well  known  that  a  periodical  discharge  of  blood  takes  place  from 
the  genitals.  The  best  research  is  by  Bland  Sutton  (14),  who 
examined  the  uteri  of  several  macaques  and  baboons,  at  various 
stages.  As  the  animals  were  killed  and  the  parts  at  once  pre- 
served, no  fallacy  of  post-mortem  changes  came  into  the 
observations.  Sutton  found  that  the  mucous  membrane  became 
thickened,  that  blood  escaped  (small  in  quantity),  and  that  there 
was  no  shedding  of  the  superficial  layer  of  the  mucous 
membrane,  the  epithdiwnv  remaining  imlact,  although  Hood 
%vas  found  in  the  uteri/ne  cavity. 

In  the  human  female,  however,  as  is  now  well  known  (Kuud- 
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rat  (10),  Engelmaim  (2),  Leopold  (11),),  the  superficial  layer 
of  the  uterine  mucous  memhraDe  is  shed,  and  thus  we  have  a 
distinct  difference  between  menstruation  in  apes  and  the  human 
female.  Whether  or  not  in  the  very  highest  apes,  such  as  the 
gorilla  and  chimpanzee,  denudation  of  the  mucous  membrane 
occurs,  is  as  yet  unknown. 

(6.)  The  determmaiion  of  the  placental  site. — ^The  compara- 
tive physiology  of  this  point  is  one  of  the  greatest  interest  and 
value.  In  RwndnantSy  as  is  well  known,  there  are  special 
elevated  and  thickened  parts  of  the  mucous  membrane,  the 
cotyledons^  on  which  the  villi  graft,  and  give  the  well-known 
polycotyledonary  placenta.  We  have,  therefore,  specially 
developed  areas  for  placental  attachment. 

In  rabbitSy  the  ovum  always  grafts  itself  on  two  folds,  the 
placental  folds,  which  run  parallel,  and  on  the  side  of  the 
broad  ligament  attachment. 

In  the  hedgehog,  according  to  Hubrecht  (6),  the  ovum  attaches 
itself,  and  the  placenta  developes  in  that  part  of  the  uterine 
horn  opposite  the  broad  ligament  attachment,  the  mucous 
membrane  being  thinnest  at  the  side  next  the  broad  ligament  in 
the  virgin  uterus. 

In  the  apes  examined  by  Selenka,  it  was  found  that  there  was 
a  special  part  of  the  middle  of  the  posterior  uterine  wall— the 
''Haftfieck" — ^where  the  dorsal  lobe  of  the  bilobed  placenta 
developed;  the  ventral  lobe  developing  on  a  corresponding 
portion  of  the  ventral  uterine  surface  a  little  later.  This 
"  Haftfleck  "  had  about  thirty  or  forty  gland  openings  in  it,  and 
increase  of  the  placental  site  was  due  to  an  increase  in  the 
"  Haftfleck." 

It  is  of  remarkable  interest  that  in  the  apes  with  bilobed 
placenta,  where  the  uterus  is  formed  on  the  same  plan  as  in  the 
human  female,  i.e.,  has  Fallopian  tubes  and  a  single  uterus, 
pregnancy  is  made  uterine  by  this  arrangement  of  a  "  Haftfleck  " 
for  the  placental  site,  and  that  in  all  apes  with  a  bilobed 
placenta,  the  placenta  is  in  invariably  the  same  position — the 
middle  portions  of  the  anterior  and  posterior  uterine  walls. 

In  those  apes  with  a  single  placenta,  we  have  no  special 
observations :  in  the  human  female,  the  placenta  may  graft 
itself  normally  on  any  part  of  the  uterine  surface  proper,  i.e., 
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never  below  the  os  internum  nor  outside  the  inner  openings  of 
the  Fallopian  tubea  If  we  take  the  bicornuous  uterus  as 
displayed  in  a  ruminant,  we  find  a  narrow  tube,  then  the  comua. 
The  implantation  of  the  placenta  in  the  comua  is  favoured  by 
the  cotyledonary  arrangemenb,  and  no  tubal  pregnancy  has  ever 
been  found. 

In  the  human  female,  we  have  already  thrown  out  the  sugges- 
tion that  the  human  ovum  can  only  graft  on  connective  tissue, 
and  that  menstruation  thus  bares  a  safe  area.  It  must  be 
remembered  that  the  Fallopian  tube  of  the  human  female  has 
a  very  perfect  mucous  membrane,  and  one  that  can  fi[>rai  a 
serotina  like  the  uterine  mucous  membrane  itself,  and  it  is 
possible  that  the  menstrual  denudation  maps  out  a  normal 
attachment-area  in  the  human  uterus. 

(o.)  The  origin  of  the  v/mhiLical  cord. — The  origin  of  the 
cord  is  at  present  disputed.  The  view  usually  adopted  is  that 
of  EoUiker  (9),  viz.,  that  at  one  period  the  developing  ovum  is 
free,  but  is  again  moored  to  the  chorion  by  the  outgrowth  of 
the  allantois. 

His  (5),  on  the  other  hand,  maintains  that  at  an  early  stage 
the  developing  ovum  is  in  connection  with  the  chorion  by  its 
posterior  end — ^'^ Bauchstiel" ;  that  this  forms  the  cord,  the 
allantois  tunnelling  it,  as  it  were.  The  covering  of  the  cord 
is  therefore,  morphologically,  skin,  and  not  amnion.  At  first 
the  cord  is  covered  with  a  single  layer  of  cells ;  at  about  the 
3rd  month  this  layer  is  multiple,  and  at  the  full  time  many- 
layered  and  flattened.  Thus  the  covering  of  the  cord  is 
morphologically  skin,  but  not  so  completely  differentiated  as 
over  the  foetus. 

Hertwig  (4),  on  the  other  hand,  holds  that  the  developing 
ovum  is  attached  to  the  chorion  at  first  by  amnion.  The 
closure  of  the  amnion  is  at  the  posterior  end  of  the  embtya 
The  allantois  grows  out,  not  free  into  the  ooelom,  but  along  the 
ventral  surface  of  the  amniotic  attachment. 

Selenka  (13)  describes  this  last  condition  as  occurring  in  the 
monkey.  The  question,  however,  cannot  be  considered  settled 
as  yet. 

We  have  only  a  few  words  now  on  the  relation  of  this  class 
of  apes  to  the  scale  of  evolution.     We  regard  the  main  branches 
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of  the  mammalia  as  haviug  diverged  from  the  primitive 
moDotremes  and  marsupials.  Thus  we  have  monotremes, 
marsupials,  aiid  then  the  primates  comprising  lemurs,  apes,  and 
man.  We  have  here  a  gradation.  The  omithorhynchus  has  a 
completely  bifid  genital  tract  and  lays  eggs ;  the  marsupials 
have  a  less  bifid  uterus,  and  a  very  imperfect  villous  attachment 
of  the  foetus  to  the  maternal  structures. 

The  lemurs  have  a  bicornuous  uterus  and  diffuse  placenta ;  the 
lower  apes  a  single  uterus,  bilobed  placeuta,  and  no  reflexa;  the 
higher  apes  and  human  female,  a  single  uterus,  single  placenta 
and  reflexa.  Looked  at  from  the  special  point  of  view  of  attach- 
ment of  the  placenta,  we  get : — 

(a)  No  attachment  of  fcBtal  tissue :  omithorhynchus. 

(b)  Very  imperfect  attachment :  kangaroo. 

(c)  More  perfect  attachment,  but  placenta  non^deciduate : 

lemurs. 

(d)  Placenta  deciduate,  but  not  embedded :  lower  apes. 

(e)  Placenta  with  reflexa — i.e.,  ovum  embedded  at  first  in 

maternal  tissues,  placenta  deciduate :  higher  apes  and 
human  female. 
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EXPLANATION  OF  PLATE  XXIL 

A.  Sagittal  section  through  pregnant  monkey  (frozen),  a  little  to 
the  right  of  the  middle  line  (about  ^  of  the  natural  size). 

B.  Part  of  an  exactly  mesial  section  through  the  pelvis,  to  show 
the  central  dilatation  of  the  cervix,  the  fact  that  it  is  not  opened  up 
from  above  down,  and  that  the  urethra,  vagina,  and  rectum  are 
all  parallel  and  vertical. 


MORPHOLOGY  OF  LIMB  ARTERIES  IN  VERTE- 
BRATES, WITH  ESPECIAL  REFERENCE  TO  THE 
DISPOSITION   IN    THE    HUMAN    SUBJECT.      By 

Alfred  Eichholz,  B.A.,  Emmanuel  College,  Cambridge. 

(Read  before  the  Anatomical  Society,  February  1898.) 

In  any  discussion  as  to  the  significance  of  the  disposition  of  limb 
arteries,  it  becomes  at  the  outset  necessary  to  show  that  Morpho- 
logy plays  an  important  part,  for  the  recent  literature  on  the 
subject  by  no  means  confirms  any  such  view.  The  part  played 
by  mechanical  influences  has  been  made  so  prominent  that 
phylogeny  has  been  to  a  great  extent  overlooked.  Ruge,^  for 
instance,  speaking  of  all  the  best  known  forms  of  arterial  abnor- 
mality, says — 

"  AUe  bisher  zur  Sprache  gekommenen  Arterienvarietaten  sind  auf 
die  Ausbildung  von  feinen  und  feinsten  Gefaszen  zuriickzufahren 
welche  proximal  aus  der  Axillaris  oder  Brachialis  eutspringen."  That 
aocident,  however,  is  not  the  main  determining  cause  of 
abnormality  he  later  maintains,  for  "in  dem  beidenseitigen 
Auftreten  von  Arterienvarietaten  finden  wir  eine  neue  Bekraftigung 
dass  die  Yarietaten  uicht  durch  zufallig  Auftretende  Ursacben 
hervorgerufen  sein  Konnen." 

In  attempting  to  arrive  at  a  morphological  basis,  Ruge 
examined  foetal  vessels,  without  however  material  advance, 
ontogenetic  considerations  failing  in  this  case  to  yield  any  result. 

More  recently  Bayer  has  advanced  towards  a  morphological 
basis  in  comparing  the  arterial  systems  of  new-world  apes  with 
that  of  Maa* 

A  common  opinion  is  that  the  limb  arteries,  as  such,  possess 
little  or  no  morphological  significance :  they  are  merely  nutritive 
trunks,  at  the  mercy,  so  far  as  disposition  is  concerned,  of  the 
master  tissues.  But  recent  physiological  research  must  go  far  to 
disprove  this.  Langley^  has  recently  shown  how  the  arm  and  leg 
arteries  are  supplied  with  nerves  as  definitely  as  any  other 
muscular  tissue ;  and  though  these  nerves  are  non-medullated, 
Gaskell^  has  shown  that  the  nou-medullated,  so-called,  splanchnic 

^  Buge,  '*  Beitrage  znr  Gafdsslehre  des  Menschen,"  Morph.  Jahrhuch.,  Bd.  xix. 

B.  8S1. 

'  Bayer,  "Beitrage  zar  vergleichendeii  Anatomie  der  Oberarmarterien,"  Morph. 
JahHmchy  Bd.  xix.,  1892.  »  J.  N.  Langley,  PhiL  Trans,,  1892. 

*  W.  H.  Gaskell,  J<mr,  Phys.,  toI.  yii.  p.  1,  1886. 
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efferent  portion  of  a  nerve  is  as  typical  a  portion  of  a  segmental 
nerve  as  the  somatic  efferent  portion.  So,  then,  if  we  concede 
that  nerve^upply  has  any  morphological  meaning  in  cases  of 
somatic  musculature,  it  follows  too  that  in  cases  of  non- 
medullated  nerve-supply,  the  muscle  supplied  must  have  a 
morphological  significance  equal  at  least  to  that  of  somatic 
musculature. 

Again,  the  fact  that  in  the  least  differentiated  portions  of 
ventral  somatopleure  the  nerve  is  invariably  found  to  be  accom- 
panied by  an  artery,  must  favour  the  view  that  arteries  possess 
more  than  mere  mechanical  significance. 

Recognising,  then,  the  fact  that  ontogenetic  methods  fail,  and 
assuming  a  phylogenetic  significance  for  arterial  trunks,  it 
becomes  a  problem  as  attractive  as  it  is  important  to  assign  to 
them  their  proper  position  in  the  vertebrate  structure. 

In  the  truly  segmental  portion  of  the  organism  there  is  little 
in  the  way  of  difficulty  to  overcome.  Each  segmental  nerve  has 
its  accompanying  artery,  which  one  may  then  call  the  segmental 
artery.  The  intercostal  nerves  and  vessels  best  exemplify  this 
condition.  But  the  problem  is  one  of  greater  intricacy  in  the 
case  of  the  limb  arteries. 

Here  we  have  to  remember  that  phylogenetic  origin  of  limbs 
is  ascribed  by  various  schools  to  various  causes.  The  English 
school  adopts  Humphry's  view,  that  the  limb  is  formed  as  a 
lateral  outgrowth  from  the  ventral  somatopleure,  acquiring  addi- 
tional attachment  dorsally  and  ventrally  by  backward  and  forward 
extension  from  the  primary  excrescence.  In  this  formation  the 
deepest  layer  of  the  somatopleure  is  supposed  to  take  no  part 

As  far  as  the  limb  is  concerned,  then,  we  have  from  behind 

forwards— 

1.  Dorso-appendicular  musculature. 

2.  Extensor  limb 

3.  Flexor 

4.  Ventro-appendicular       „ 

The  nerves  follow  this  arrangement  too,  for  we  find  the 
posterior  cord  of  the  brachial  plexus  supplying  the  dorso- 
appendicular  and  extensor  limb  musculature,  and  the  inner  and 
outer  cords  (anterior  cord)  supplying  the  ventro-appendicular  and 
the  flexor  musculature. 


» 
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The  object  of  the  present  discussion  is  to  deteimioe  whether 
or  not  the  arteries  of  the  limbs  can  be  morphologically  systema- 
tised  similarly  to  the  muscles  and  nerves  of  the  limb,  so  that  we 
may  speak  of  dorso-  and  ventro^ppendicular  arteries,  and  of 
extensor  and  flexor  arteries. 

The  main  difficulty  to  encounter  in  the  case  of  arterial  homo- 
logy is  that  of  anastomoses.  In  the  nerves  the  terminations  are 
final  and  absolute,  and  the  difficulty  of  homology  minimised. 
But  arteries,  with  their  numerous  anastomoses,  are  by  no  means 
readily  classified.  The  artery-supply  of  the  limbs  to  be  brought 
into  line  with  the  remaining  soft  parts  must  admit  of  being  based 
on  some  plan  such  as  the  following.  The  musculature  and  nerve- 
sapply  being  derived  fi'om  the  homologue  of  the  ventral  portion 
of  the  somatopleure  (intercostal),  the  artery-supply  will  corre- 
spondingly  be  derived  from  a  vessel "  intercostal  in  plan,"  which, 

V,A  S 


n  Ex 

Fio.  1.— Primitive  typical  Arterial  System  of  the  Limb.  S,  subclavian 
artery ;  D,A,  dorso-appendicniar  vessel ;  Ear,  extensor  vessel ;  FZ, 
flexor  vessel ;  Y^A,  ventro-appendicular  vessel. 

starting  dorsally  from  the  aortic  trunk,  will  give  off  first  the 
dorso-appendicular  (D,A,  fig.  1)  and  extensor  limb  vessels  {Ex, 
fig.  1),  then  the  flexor  (Fi,  fig.  1),  and  finally  the  ventro-appendi- 
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cular  (V,A  supply).  Sach  a  simple  arraugement  seems,  at  fiist 
sight,  far  removed  from  the  complex  arrangement  in  Man  and  the 
primates,  but  a  study  of  the  lower  vertebrates  serves  to  confirm 
this  view  as  a  probable  primitive  arrangement. 

Upper  lArnb  Arteries. 

The  artery  ''  intercostal  in  plan  "  is  in  the  upper  limb  the 
subclavian,  together  with  a  portion  of  the  axillary — how  mudi 
will  be  presently  indicated. 

In  Testvxlo  Europcea  ^  the  subclavian  artery  gives  off  as  the 
first  branch  after  its  origin  a  branch  arterise  axillaris  ramus 
descendens,  which  corresponds  in  supply  to  the  dorso-appendicular 


art,brcieh. 


Qtt,OKmT,d. 


c,A, 


c,A,» 


an.ax.r.a. 


Fio.  2.—Te8tudo  Ewroposa.  Fore-limb  Arteries.  S,  subclavian  artery;  art.  oat 
r.d,  arterial  axillaris  ramus  descendens  ;  c,^,e,  ciroumfleza  humeri  eztema; 
c,A,i,  oircumfleza  humeri  interna ;  aH.ax.T,a,j  arterial  axillaris  ramus  asceo- 
dens. 

and  extensor  trunk,  its  supply,  as  far  as  the  appendages  are 
concerned,  being  the  circumflex  humeri  externa  (c,A,€,  fig.  2), 
circumflex  humeri  interna  {cjk,i,  fig.  2),  to  the  dorso-appendicular 
muscles,  and  a  ramus  anterior  to  the  arm  extensor  musclea 
Further  on  its  course  the  main  trunk  gives  off  an  arteria 

^  L.  H.  Bojanus,  Anal,  Teshidmua  SurppcecB,  1819-21. 
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brachialis,  which  descends  on  the  flexor  side  of  the  arm  as  a 
flexor  supply.  Tedvdo  Eti/ropcsa,  then,  serves  to  confirm  the 
hypothetic  primitive  arrangement. 

In  Oryptobranchiia  Japonicus  ^  the  upper  limb  trunk  vessel 
gives  off  an  arteria  circumflexa  scapulae,  and  together  with  this 
a  branch  to  the  extensor  muscles  of  the  forearm.    The  main 


eire.teap. 


Kz 


Brachials. 

Fio.  8. — Oryptobranchus  Japonicus.    Fore-limb  Arteries.    S,  subclavian  artery  ; 
circsoap.,  circninfleza  scapultt  ;  Ex,  branch  to  extensor  moscles  of  arm. 

trunk  then  winds  round  the  humerus  and  gives  off,  on  the  inner 
side,  an  arteria  brachialis  which  proceeds  down  to  the  inner 
side  of  the  forearm,  supplying  the  flexor  muscles. 

In  Chameleon^  the  upper  limb  trunk  gives  off  its  dorso- 
appendicular  extensor  vessels  first,  and  is  then  continued  along 
the  inside  of  the  biceps,  giving  off  but  very  few  slender  muscular 
branches  in  the  forearm,  and  is  therefore  flexor  in  nature.  Here 
again,  then,  the  typical  arrangement  persists. 

Id  Crocodiles^  the  dorso- appendicular  and  extensor  supply 
arise  first  as  the  collo-scapularis  superficialis  and  arteria  profunda 
brachii  respectively.     The  ventro-appendicular  supply  consists 

^  Hyrtl,  Cfryptobrariehus  Japonicus,  Wion,  1865. 

'  J.  Yule  Mackay,    "  Art.  Syst.   Chamaeleon,"  Memoirs  aiid  Memoranda  in 
AnaUmy,  1889. 
*  Bronn-Hofmann,  Eidechsen  und  Wasserechscn^  998. 


382  ALFRED  EIOHHOLZ. 

of  several  arteriae  thoracicde.     The  contiiiaed  trunk,  now  the 
arteria  brachialis,  remains  as  the  flexor  trunk. 

It  may  be  objected  that  the  flexor  brachial  artery  in  the 
above  cases,  besides  giving  rise  to  the  forearm  flexor  supply, 
gives  origin  to  the  forearm  extensor  supply.  To  this  objection 
a  provisional  answer  may  be  given,  that  following  a  general 
rule  of  arterial  limb  supply,  the  extensor  supply  is  broken  up  in 
continuity,  and  that  by  anastomosis  the  forearm  extensor  supply 
arises  from  the  flexor  trunk.  In  the  connection  it  may  be 
mentioned,  that  in  those  cases  of  human  abnormality,  to  be 
presently  mentioned,  where  an  extensor  trunk  persists  beyond 
the  elbow,  this  vessel  gives  origin  to  the  posterior  interosseous 
artery. 

In  any  case,  however,  there  can  be  but  little  doubt  that  in 
the  reptilian  upper  limb  there  is  but  little  deviation  from  the 
hj^thetic  primitive  type. 

So  much  having  been  seen  in  Beptilia,  Mammalia  next  claim 
our  attention.  The  domestic  animals  and  lower  mammalia  do 
not  appear  to  differ  in  any  great  degree  from  the  primates,  and 
the  recent  work  of  Bayer  ^  on  Apes  serves  exceedingly  well  to 
illustrate  the  points  in  question. 

In  determining  homologies  in  apes  as  well  as  in  Man,  we  shall 
be  greatly  guided  to  correct  inferences  in  taking  into  account 
the  relations  of  arteries  to  nerves,  remembering  that  of  an 
artery  and  accompanying  nerve,  the  artery  takes,  as  a  general 
rule,  throughout  the  body  the  most  exposed  course.  Therefore 
a  vessel  lying  superficial  to  either  ulnar  or  median  nerve,  must 
be  considered  as  ventro-appendicular,  or  flexor  trunk.  This  con- 
sideration, together  with  that  of  muscular  arterial  supply,  will 
be  the  chief  criteria  in  deciding  the  point  which  often  arises  as 
to  whether  a  given  trunk  is  really  flexor  or  not. 

The  varjdng  supply  in  apes  is  of  peculiar  value  in  the  present 
instance,  for  it  will  be  seen  to  illustrate,  firstly,  "  lower  "  forma- 
tions not  materially  difierent  from  the  primitive  typical,  or  the 
reptilian  arrangements ;  secondly,  "  progressive "  forms  which 
throw  much  light  on  what  must  in  future  be  regarded  as  human 
atavistic  abnormalities;  and  finally,  the  "higher"  forms  very 
closely  resembling  the  normal  human  disposition. 

^  Bayer,  op,  cU.,  vide  supra. 


MORPHOLOGY  OF  LIMB  ABTERIJES  IN  VERTEBRATES.       883 


In  Hapale  peniciUata,  the  axillary  artery  divided  iato — 

A.  BrachiaUaprofunda. 

B.  Brachialis  superficialis. 
Brachialis  profunda  has  the  following  branches — 

{arteria  sub-scapularis. 
circumflexae  humeri  anterior  and  pos- 
terior. 

2.  Thoracico-dorsalis. 

3.  Terminates  as  (  profunda  brachii, 

ending  in  (  extensor  collaterales  media  and  ulnaris. 
Brachialis  Superficialis  crosses  the  ulnar  nerve  at  its  exit  from 
the  axilla,  and  possesses  the  following  branches : — 

1.  Acromial  thoracic.  3.  Branches  to  biceps. 

2.  Long  thoracic.  4.  Terminates  as  radial. 


ttc.th. 


SubcUvian  ut 


Bi, 


rod. 


<^ 


wbte. 
eire.a. 

GlTCp. 


th.don. 


oolLu. 


coU.m. 


Fig.  4. — ffapcUe  penicillata.  Fore-limb  Arteries,  acth.,  acromio-thoracic  ; 
l.th.,  long  thoracic;  subsc.,  tab-scapular;  circa.,  anterior  circumflex;  circp., 
poeterior  circumflex;  th,don.,  thoraoico-dorsalis ;  coU.u.f  coUateralis  ulnaris  ; 
coU.m.f  collateralis  media;  &i,  branch  to  biceps;  rod,,  radial;  A,B,D,  brachi- 
alis superficialis  ;  A,0,  brachialis  profunda. 

This  arrangement  very  closely  resembles  the  primitive  type, 
summing  up  in  itself  the  forms  found  in  reptilia. 

At  A  (fig.  4)  the  axillary  breaks  into  brachialis  superficialis 
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A3>  ^^^  brachialis  profunda  A,C.  This  latter  trunk  repreaente 
the  combined  dorso-appendicular  and  extensor  trunk  The  fiist 
portion  of  the  superficialis  A,6  represents  the  portion  in  the 
intercostal  plan  between  the  extensor  and  flexor  trunka  At 
B  the  flexor  trunk  parts  from  the  ventro-appendicular  supply 
(the  thoracic  arteries,  long  thoracic,  and  in  this  case  acromial 


Lth. 


ae.th. 


SabclayUm 


-0.«e. 


■cp. 


<.€U 


•  •••••••■«  pTmVTt 


Fio.  S.—NidipUhceus  voc\fera7i8,  Fore-liiub  Arteries.  Ith.,  long  thoracic; 
a,th.f  acromio  thoracic ;  8.9c,,  sub-scapular;  e.p.,  posterior  circumflex;  ca., 
anterior  circumflex  ;  pr,br,,  profunda  brachii  ;  &t.,  branch  to  biceps ;  A,B,D, 
brachialiB  superficialis  ;  A,C,  brachialis  profunda. 

thoracic).  So  much  of  brachialis  superficialis  as  lies  beyond 
the  common  origin  of  the  long  and  acromial  thoracics  is  to  be 
considered  as  the  flexor  arterial  trunk. 

The  common  trunk  of  origin  of  the  sub-scapular  and  circum- 
flex arteries  is  readily  recognised  as  a  common  abnormality  in 

Man. 
Nictipiihecus  vocifei^ana   again  exemplifies    the    primitive 

arrangement.     The  axillary  artery  divides  as  before  into — 

A.  Brachialis  profiunda  (embraced  by  the  roots  of 

the  median  nerve). 
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B.  Brachialia  auperficialis  (crosses  the  upper  root 

of  the  median  nerve). 
Brachialis  profunda  branches : — 

r  sub-scapular. 

1.  Common  stem  <  circumflex  anterior. 

\  circumflex  posterior. 

2.  Profunda  brachii. 
Brachialis  superficialis  branches : — 

_,  f  acromial  thoracic. 

1.  Common  stem  |  ,^^g  ^^^^j^ 

2.  Muscular  to  biceps. 

3.  Ends  as  radial. 

The  arrangement  is  very  similar  to  that  of  Hapale  peniciUata. 
The  acromial  thoracic  now  comes  off  by  a  common  stem  with 
the  long  thoracic. 

In  Cebua  hypoleucos  the  formation  is  once  more  of  a  simple 
type. 

Brachialia  profunda  branches  into : — 

^  f  arteriffi  circumflexse. 

1.  Common  stem  {^^^p^l^ 

2.  Profunda  brachii. 

The  brachialis  profunda  having  given  off  the  profunda  brachii, 
changes  in  position  from  lying  posterior  to  the  median  nerve  to 
a  position  external  to  the  nerve.  The  two  then  pierce  the 
supracoodyloid  foramen,  and  both  come  to  lie  on  the  flexor  side, 
the  continuation  of  the  extensor  artery  being  maintained  by  the 
downwardly  directly  coUateralis  ulnaris,  given  off  just  before  the 
supracondyloid  foramen  is  entered.  This  new  formation,  the 
supracondyloid  change  in  position,  is  an  important  step  onwards 
in  explaining  how,  in  the  absence  of  a  flexor  brachialis  in  the 
upper  arm,  the  forearm  flexor  supply  comes  to  be  supplied  by  a 
supracondyloid  anastomosiB  from  the  dorsal  extensor  trunk. 

In  the  present  case  the  flexor  brachialis  is  still  present  as  in 
the  piimitive  type.  It  crosses  the  upper  root  of  the  median 
nerve  and  divides  into — 

1.  Pectoral  and  Alar  branches. 

2.  Ends  as  the  radial. 

In  one  case  of  Gebus  hypoleucos,  described  by  Bayer,  bra- 
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chialis  superficialis  (flexor  vessel)  existed  only  as  a  slender 
trunk,  which,  after  giving  off  acromial  and  long  thoracic 
branches,  and  supplying  the  upper  arm  flexors,  anastomosed 
with  a  branch  from  brachialis  profunda,  which  pierced  the 
supracondylar  foramen.  So  that  Cebus  illustrates  the  transition 
(not  yet  fixed)  from  the  primitive  state  to  the  form  of  brachialis 
artery  which  is  dorsal  (extensor)  till  the  supracondyloid  foramen 
then  by  anastomosis  becomes  ventral  (flexor). 

Ceims  hypoleucoa  illustrates,  too,  another  point  in  connection 
with  the  tendency  of  the  flexor  trunk  to  disappear — namely, 
that  the  acromial  thoracic  also  tendB,paripas8W,  to  shift  its  origin 
backward,  and  so  we  find  it  arising  in  Cebua  hypoleticoa  in  some 
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Fig.  6. — Cebu8  hypoleucos  (A)  Fore-limb  Arteriea.  a. /A.,  acromio-tliaimcie ; 
pee.,  pectoral  branches ;  c  a.,  anterior  circumflex  ;  cp.^  posterior  ciicamflex ; 
8.aCt  sub-scapular  ;  pr,br,,  profunda  bracbii ;  A,B,D,  brachialis  superficialis ; 
A,G,  brachialis  profunda. 

cases  before  the  axillaiy  divides  into  superficial  and  deep 
branches.  This  change  in  origin  is  strictly  comparable  to  the 
occasional  origin  of  its  homologue,  the  obturator  arteiy  in  Man, 
in  connection  with  the  extensor  vascular  supply. 
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Gdnta  capucinue  and  Atdea  arachnaidea  mark  a  step  in 
advance.  The  flexor  brachialis  trunk  has  now  ceased  to  come 
ofF  from  the  vessel  "  intercostal  iu^  plan."  It  first  manifests 
itself  jnst  above  the  elbow  joint,  where  it  anastomoses  with  an 
anteriorly  directed  branch  from  the  extensor  trunk. 

The  axillary  artery  gives  in  Ateles  a/rachnoides,  firstly,  the 
acromial  thoracic  and  long  thoracic  by  a  common  stem,  then  the 
circumflex  common  trunk  is  given  off  together  with  the  sub- 
scapular.     The  artery  is  continued  down  the    arm    as  the 
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Fig.  7. — Cebus  hypoleueoa  (B)  Fore-limb  Arteries,  acJh.,  acromio  thoracic; 
l,th,,  long  thoracic ;  c,a,,  anterior  circumflex  ;  e,p.,  posterior  circumflex ; 
s.8.Cf  8ub-8capular ;  pr,br.,  profunda  brachii ;  A,B,D,  brachialis  superfi- 
cialis  ;  A,C,  brachialis  profunda ;  D,E,  anastomosis  between  brachialis  super- 
ficialis  and  profunda. 

brachialis,  giving  off  at  its  commencement  the  two  branches  of 
profunda  brachii.  Just  over  the  elbow  joint  the  brachialis 
superficialis  springs,  and  it  is  covered  by  the  lacertus  fibrosus 
(supracondylai-  process).      The  superficialis  continues  as  the 

radial. 

The  interpretation  of  this  arrangement  is,  then,  that  at  A  (fig. 
8)  the  common  dorso-appendicular  and  extensor  trunk  is  given 
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oflf,  which,  after  the  dorso-appendicular  branches  are  g^ven  oflf,  is 
called  the  brachialis  artery.  A,B  is  the  continuation  of  the 
artery  "  intercostal  in  plan,"  and  ends  ventrally  in  the  ventro- 
appendicular  trunk  (common  acromial  thoracic  and  long  thoracic 
trunk).  The  flexor  trunk  is  absent  until  the  region  of  the 
elbow  is  reached.  This  arrangement  is  almost  identical 
with  the  normal  human  conformation.     So  far  the  anastomosis 
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Fig.  8. — Ateles  arachnoides.  Fore-limb  Arteries.  Ith,,  long  thoracic;  a£.th., 
acromio-tlioracic ;  c.a.,  anterior  circumflex ;  c,p.,  posterior  circumflex ;  A.C., 
brachialis  profunda  ;  0,D,E,  brachialis  superficialis. 


between  extensor  and  flexor  trunks  has  been  confined  to 
the  supracondylar  type.  But  the  junction  is  by  no  means 
confined  to  this  region.  In  fact,  the  flexor  brachialis  trunk 
may  persist  for  lengths  varying  in  different  animals  fix)m  a 
state  of  total  persistence  to  a  state  of  total  absence  above 
the  elbow. 

In  cases  of  high  persistence  the  criterion  whereby  to 
determine  a  case  of  partial  or  total  persistence  is  to  observe 
whether    the   ventro-appendicular   trunk   (the   long    thoracic) 
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arises  from  the  undivided  axillary  or  from  the  brachialis 
superficialis.  In  the  latter  case  there  is  total  persiBtence,  ia 
the  former  partial  persistence,  with  high  flexor  and  extensor 
anastomosis. 

As  an  instance  of  high  persistence,  in  Hapale  roaalia  the 
flexor  brachialis  is  found  to  arise  from  the  extensor  trunk  at  the 
level  of  latissimus  dorsi  tendon,  the  long  and  acromial  thoracics 
having  been  given  off  as  the  first  branches  of  the  axillary,  the 
origin  of  the  flexor  vessel  being  level  with  that  of  the  profunda 
brachii. 

In  Mycetes  aenicvlus  the  extensor  flexor  anastomosis  occurs 
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Fio. . 9.  — BapdU  rosalia.  Fore-limb  Arteries,  ae,  th. ,  acromio-thoracic  \l,th.f  long 
thoracic ;  ca,^  anterior  circumflex ;  e.p.,  posterior  circumflex ;  «.5.c.,  sub- 
scapular ;  A,G,  brachialis  profunda  ;  B,D,E,  brachialis  superflcialis. 


below  the  origin  of  profunda  brachii  at  the  junction  of  the 
middle  and  lower  thirds  of  the  elbow. 

The  importance  of  the  two  cases  last  cited  is  that  they  render 
possible  a  morphological  classification  of  many  cases  of  abnor- 
mality in  Man  known  as  high  brachial  division. 
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The  apes  then  bridge  over  the  gap  between  Man  and  the 
primitive  type,  so  that  the  conditions,  normal  and  abnormal. 


LOMf 

thoradc. 
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Fio.  10. — Mycetes   seniciUtcs.     A,C,  brachialis  profunda;    6,D,£,   brachialis 

saperficialis. 

which  exist  in  Man  may  now  with  little  difiSculty  be  readily 
interpreted. 

The  Normal  Condition  in  Man. 

In  Man  the  disposition  of  vessels  bears  very  close  resemblance 
to  that  of  Atelea  arachnoides.  The  main  arrangement  is  the 
same,  the  difference  consisting  of  increased  development  of 
previously  described  arrangements,  such  as  the  shifting  dorsal- 
wards  of  the  acromio-thoracic  and  the  division  of  the  dorso- 
appendicular  and  extensor  vessels  into  separate  trunks.  Both  of 
these  have  been  noted  in  the  "  higher  "  forms  in  the  apes. 

In  Man  the  subclavian  furnishes  the  first  portion  of  the  dorso- 
appendicular  supply  as  the  supra-  and  post-scapular  vessels.  The 
first  of  previously  described  vessels  to  be  given  off  from  the 
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axillary  is  the  acromio-thoracic.  The  axillary  also  gives  off  a 
new  ventro-appendicular  vessel,  the  superior  thoracic.  Next  the 
vessel  "  intercostal  in  plan "  is  given  off  as  the  long  thoracic, 
which  lies  superficial  to  the  inner  cord  of  the  brachial  plexus  and 
which  gives  off  alar  branches.  These  correspond  to  the  rudi- 
mentary brachialis  superficialis,  and  as  reversion  the  alar  trunk 
may  enlarge  into  a  brachialis  superfidalia    (Ruge,  op.  cit)    So 
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Fio.  11.— Man.     Fore-limb  Arteries.     Normal ;  A, 6,  axillary  arteries ;    6,C, 

brachial  artery. 

that  the  human  long  thoracic  only  corresponds  to  the  simian 
long  thoracic  after  the  alar  branches  have  been  given  off.  The 
portion  between  the  origin  of  the  long  thoracic  from  the  axillary 
and  the  origin  of  the  alar  thoracic  corresponds  to  that  portion  of 
vessel  '^ intercostal  in  plan"  which  lies  between  the  common 
dorso-appendicular-extensor  trunk  and  the  flexor  trunk. 

The  common  dorsal  trunk  gives  off  the  sub-scapular  and 
circumflexes  separately,  instead  of,  as  in  Hapale,  by  a  common 
trunk.    The  profunda  brachii  also  usually  comes  off  by  two 
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separate  branches,  though  the  single  trunk  is  very  common.  As 
a  separate  trunk,  too,  an  inferior  ulnar  collateral  (anastomotica) 
is  given  off.  Aided  arachnoidea  foreshadows  this  arrangemoit 
to  some  extent  (see  fig.  8). 

Except  as  alar  branches  the  ventral  flexor  trunk  is  absent 
along  the  upper  arm,  but  reappears  above  the  elbow  joint  after 
supracondylar  junction  with  the  brachialis  profunda  trunk.  The 
brachialis  superficialis  at  the  antecubital  fossa  breaks  up  into 
the  flexor  supply  for  the  forearm.  From  the  deep  flexor  artery 
an  anastomosis  runs  backwards  to  the  persisting  dorsal  trunk 
(postr.  interosseous). 

Of  the  significance  of  the  forearm  flexor  vessels  very  little 
can  be  definitely  maintained  beyond  the  fact  that  they  are 
branches  of  the  brachialis  superficialis  system.  They  arise 
normally  at  the  elbow.  Abnormally  they  may  arise  above  or 
below  this  point,  and  in  cases  of  high  persistence  of  the 
brachialis  superficialis  trunk  they  may  arise  separately  as  high 
as  the  axilla. 

Zuckerkandl  ^  regards  a  median  artery  as  the  true  continua- 
tion of  the  brachial.  But  there  is  something  to  be  said  for  the 
ulnar  as  the  true  brachial  vessel,  for,  in  the  first  place,  it  forms 
the  continuation  for  the  flexor  vessel  in  the  Testudo  EuropcBCU- 
Again,  the  ulnar  is  invariably  the  vessel  which  returns  an 
anastomosis  to  the  extensor  trunk  (to  post,  interosseous),  and  on 
this  account  is  very  probably  the  more  primitive  vessel.  The 
Radial  Artery  is  then  probably  the  later  vessel  phylogenetically, 
and  its  importance  is  correlated  with  the  phylogenetic  accre- 
ment  of  muscular  functions  in  the  forearms  of  the  mammal 
over  those  of  the  reptile. 


Variations  in  Human  Upper  Limb  Arteries. 

After  the  preceding  discussion  the  varieties  in  the  arm  vessels 
fall  readily  into  classes  of  well-defined  atavism,  comparable  in 
each  case  to  simian  conditions. 

1  Zuckerkandl,   Verhand.  der,  AncU,  QtseUscfiafl,  Wien,   June  1892.    (Bar- 
deleben.) 
*  Bojanus,  op,  cU, 
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I.  Varieties  of  the  Dorsal  Trunk. 

A.  Those  which  are  due  to  fnaiona  of  two  or  more  of  the 
dorsal  trunk  branches,  so  simulating  the  arrangement  in  apes. 
The  following  arrangements  are  the  most  common : — 

(a)  Fusion  of  the  anterior  and  posterior  circumflex  trunks 

(cp.  Aides  arachnoides,  fig.  8). 

(b)  Fusion  of  the  sub-scapular  and  anterior  and  posterior 

circumflex  trunka    (Cp.  Cebus  hypoleucoSy  figs.  6 

and  7.) 
{c)  Fusion  of  the  profunda  trunks — origin  of  the  inferior 

profunda    from   superior    profunda.    (Cp.   Hapale 

peTdciUatat  fig.  4.) 
(d)  Fusion  of  the  profunda  with  one  of  the  higher  trunks, 

usually  the  posterior  circumflex  trunk. 

B.  The  extensor  trunk  continues  beyond  the  elbow,  giving  rise 
to  the  common  interosseous  trunk,  or  forming  a  second  infra- 
cubital  anastomosis  with  the  flexor  trunk. 

C.  In  cases  of  high  persistence  of  flexor  brachialis,  the 
brachialis  profunda  may  become  a  fine  twig  in  the  lower  part  of 
the  arm.  In  such  cases  the  brachialis  superficialis  reasserts 
itself  and  forms  a  pre-supracondylar  brachialis  artery. 

II.  The  main  interest  of  the  present  discussion,  however,  is 
centred  around  persistences,  partial  or  total,  of  the  archaic  flexor 
trunk.  As  such  are  to  be  explained  a  series  of  indefinitely 
classified  irregularities  known  as 

Collateral  vessels  (Ruge). 

Vasa  Aberrantia. 

High  brachial  divisions. 

Insular  formations  {Insdbildv/ngen,  Ruge). 

Pre-supracondylar  brachials. 

The  Vasa  Aberrantia,  high  brachial  divisions,  and  the  pre-  and 
post-supracondylar  arrangements  have  especially  been  the  source 
of  much  speculation.  The  various  forms  of  vassa  aberrantia, 
(0)llateral8tamme,  Ruge),  have  been  recognised  as  not  all  pos- 
sessing the  same  morphological  value.     The  position  now  is,  that 
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some  definite  statement  can  be  made  as  to  the  nature  of  the 
differences  observed. 

The  varieties  due  to  the  flexor  trunk  are  then — 

A.  Cases  of  total  persistence. 

Instances  of  this  class  are,  as  one  might  expect  finom  their 
primitive  nature,  of  very  rare  occurrence.  Remembering  the 
primitive  plan,  they  will  be  recognised  as  those  cases  in  which  a 
brachial  artery  is  given  off  very  high  in  the  axilla — in  fact,  these 
cases  are  the  forms  of  highest  bra/ihial  division  ;  and  moreover, 
such  a  vessel  must  give  off  the  ventro-appendicular  supply  in 
the  form  of  the  long  thoracic  arteiy. 

A  case  of  this  form  is  described  by  Henle  and  quoted  by 
Testut  The  long  thoracic  artery  in  this  case  gave  off  a  brachial 
artery,  which  descended  the  arm  to  become  the  ulnar  below  the 
elbow.  In  R  Quain's  Plates,  No.  30,  fig.  2,  a  similar  con- 
dition is  figured. 

In  the  normal  state  this  branch  (which  in  the  variety  under 
consideration  becomes  a  complete  brachialis  superficialis)  is 
retained  as  a  very  small  twig  suppljring  branches  to  the 
pectoralis  and  axillary  glands.  It  is  known  as  the  alar  thoracic 
— a  normally  described  branch  of  the  long  thoracic.  In  its 
enlargement,  then,  the  primitive  form  of  brachialis  superficialis 
is  retained.  In  addition  to  Henle's  case  just  cited,  Buge  has 
mention  of  the  same  form  of  abnormality,  as  arising  above  the 
median  nerve  plexus  "das  Entstehen  dcs  CoUateral-stammes 
proximal  von  der  normal  in  der  Achselhohle  gelagerten 
Schliuge  des  Nervus  Medianus."  (Ruge,  op.  cit,  370, 371.) 
This  highest  form  of  brachial  division  is  comparable  with  the 
supply  in  Hapale  penieillata  (see  fig.  4).  And  by  way  of  con- 
firmation of  the  present  theory,  it  must  be  mentioned  that  no 
case  is  described  in  which  a  flexor  brachialis  artery  has 
originated  from  the  axillary  above  the  long  thoracic. 

B.  Cases  of  Partial  Persistence  of  the  Flexor  Trunk. 

(a)  Retention  of  the  Proximal  Portion, 

This  forms  a  class  of  variety  very  similar  to  the  last,  differing 
in  fact  only  from  it  by  being  a  much  shorter  vessel,  extending 
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for  a  small  distance  (one-foarth ;  Ruge,  op.  cit,  371)  down  the 
arm.  In  the  phraseology  of  the  text-books  it  would  be  de- 
scribed as  an  enlarged  alar  branch  of  the  long  thoracic  artery. 

(b)  Betention  of  the  Distal  Portion. 

Such  cases  embrace,  with  those  described  under  section  A.  of 
flexor  variations,  the  pre-supracondylar  forms  of  brachial  artery, 
and  these  may  become  vicarious  for  the  normal  post^upracondylar 
brachialis.  As  we  have  already  seen  in  the  apes,  the  partial 
distal  persistence  may  originate  by  anastomosis  with  the  ex- 
tensor brachialis  trunk  at  various  levels,  so  that  this  mode  of 
partial  retention  may  be  classified  according  to  the  spot  at 
which  the  anastomosis  occurs. 

1.  Axillai^  ATtastomoais, — This  occurs  in  those  high 

forms  of  flexor  brachialis  which  arise  in  the  axilla 
after  the  long  thoracic  is  given  off,  and  before  the 
profunda  branches  are  given  off.  (Cp.  HapcUe 
roscdia,  fig.  4.) 

2.  Humeral  Anastomoaia  occurs  in  cases  where  the  bra- 

chialis superficialis  originates  below  the  point  of 
issue  of  the  profunda  vessels.  (Cp.  Mycetes 
seniciilus,  fig.  10.) 

3.  The  formation  of  any  such  high  anastomosis  does  not 

preclude  the  existence  of  the  normal  supracondylar 
anastomosis,  so  that  in  the  several  forms  of  variety 
known  as  Inselbildung  (Ruge,  vide  sujyra)  the  con- 
dition found  is  one  in  which  there  is  a  high  or  low 
pre-supracondylar  brachialis  superficialis  (flexor 
trunk),  with  a  concomitant  persistence  of  the  nor- 
mal supracondylar  branch.  This  explains  in  a  very 
simple  manner  what  has  heretofore  formed  one  of 
the  most  unintelligible  of  varieties — the  insvlar 
formation. 

(c)  In  cases  of  high  flexor  trunks  the  vessel  may  continue, 
apparently  without  rule,  into  radial  or  ulnar,  or  both.  Where 
the  flexor  persisteuce  continues  into  one  vessel  only,  the  other 
vessel  is  supplied  by  the  normal  supracondylar  anastomosis. 

The  significance  of  this  point  is,  then,  to  support  what  was 
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previously  indicated — ^namely,  that  beyond  forming  arteries  on 
the  flexor  side,  the  radial  and  ulnar  appear  to  possess  litde 
additional  morphological  value. 

Having  classed  the  forms  of  abnormality  in  the  upper  limb,  it 
remains,  before  proceeding  to  consider  the  lower  limb,  to  state, 
that  so  far  from  the  cases  mentioned  occurring  singly  in  a  given 
specimen,  that  several  forms  may,  and  often  do,  occur  simul- 
taneously, and  so  give  rise  to  very  complex  systems.  As  aQ 
instance,  in  Quain's  Plates,  No.  32,  fig.  1,  is  figured  the 
simultaneous  occurrence  of  axillary  anastomotic  persistence 
of  brachialis  superficialis,  together  with  fusion  of  the  sub-scapular 
and  posterior  circumflex  trunk&  In  Plate  30,  fig.  2,  of  the 
same  work,  there  is  a  total  persistence  of  the  flexor  trunk  giving 
off  the  acromial  and  long  thoracics  as  in  Hapale  penidUatcu 
This  is  complicated  by  an  Inselbildung  due  to  anastomosis  at 
the  elbow  between  the  flexor  and  extensor  trunks. 

Lower  Limb  Arteries. 

After  reducing  the  upper  limb  supply  to  the  form  or  deriva- 
tion from  some  primitive  intercostal  type,  the  corresponding 
problem  to  meet  the  case  of  the  lower  limb  offers  no  obstacle. 

In  any  consideration  of  the  lower-limb  vessels,  it  must  he 
borne  in  mind  that  even,  from  a  priori  morphological  knowledge, 
the  usual  division  by  descriptive  anatomists  of  the  common  iliac 
artery  into  external  and  internal  is  anything  but  a  scientific 
conception. 

The  first  division  given  off  from  the  common  iliac — the 
external  iliac — is  a  trunk  of  single  function,  the  combined  dorse- 
appendicular  and  extensor  trunk  of  the  thigh. 

The  internal  iliac  is  a  vessel  of  double  function,  and  its 
division  into  two  trunks — posterior  and  anterior — ^goes  fer  to 
confirm  this  view.  The  posterior  trunk  comprises  the  gluteal 
ilio-lumbar  and  lateral-sacral  arteries — that  is  to  say,  those 
vessels  arising  from  the  trunk  ''  intercostal  in  plan,"  which 
supply  the  spinal  cord,  dorsal  muscle  plates,  and  part  of  the 
dorso-appendicular  musculature. 

In  other  words,  the  posterior  trunk  is  to  be  regarded  as 
standing  in  closer  relation  to  the  external   iliac  than  to  the 


MORPHOLOOT  OF  UMB  ABTERIES  IN  VERTEBRATE&       397 

remainder  of  the  internal  iliac,  and  corresponding  in  fact  to  the 
retro-costal  portion  of  an  intercostal  artery. 

Then  as  far  as  the  limbs  are  concerned,  the  external  iliac  and 
gluteal,  which  arise  first  from  the  trunk  **  intercostal  in  plan/' 
are  to  be  regarded  as  the  combined  dorso-appendicular  and 
extensor  supply.  In  support  of  this  view  it  is  only  necessary 
to  cite  the  very  interesting  case  of  abnormality  quoted  in 
Quain  and  Testut,  in  which  the  gluteal  artery  arose  from  the 
femoral  and  passed  outwards  and  backwards  to  reach  the  gluteal 
muscles  (F.  T.  Roberts,  Liverpool  Medical  and  Sv/rgical 
Repo^is,  1867). 

That  portion  of  the  internal  iliac  between  the  origin  of  the 
gluteal  and  the  origin  of  the  sciatic,  forms  the  lateral  position  of 
the  vessel  "  intercostal  in  plan  "  which  lies  between  the  extensor 
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Fio.  12.  Man.     Arteries  of  lower  limb,  NormaL     B,C,  internal  ilinc ; 
D,  internal  iliac  splits  into  anterior  and  posterior  divisions. 


and  flexor  trunks.  From  this  portion  the  obturator  branch  arises 
(op.  Acrom.  thoracic,  fig.  8,  Ateles  arachnoides).  The  sciatic 
forms  a  rudimentary  flexor  trunk,  and  corresponds  to  the  enlarged 
alar  thoracic  vessel  in  the  anomaly  of  the  highest  form  of  brachial 
division  in  Man.     In  Testvdo  Europa^  (Bojanus,  op.  cit.)  the 
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sciatic  artery  maintains  its  primitive  function,  and  is  found  as  the 
main  flexor  trunk,  a  condition  found  as  a  variety  in  the  homan 
subject,  and  comparable  with  the  total  persistence  of  the  flexor 
trunk  in  the  upper  limb.  The  limb  branches  of  the  external  iliac 
and  femoral  correspond  as  a  whole  to  the  circumflexes  and 
profunda  vessels  of  the  arm,  the  gluteal  simulating  the  sab- 
scapular.  The  superficial  femoralis  continues  as  extensor  trunk 
in  the  anastomotica,  after  having  ^fulfilled  the  condition  simikr 
to  that  of  its  homologue  in  the  arm  of  furnishing,  by  anastomosis, 
the  continuation  of  the  flexor  trunk  in  the  form  of  the  popliteal 
The  perforation  of  adductor  magnus  tendon  corresponds  to  the 
piercing  of  the  internal  intermuscular  septum  in  the  arm  (in  which 
are  found  as  abnormalities  fibres  of  the  third  portion  of  the  ann 
adductor  coraco-brachialis).  The  popliteal  continuation  of  the 
femoral  corresponds  to  the  antecubital  continuation  of  the  normal 
extensor  post-supracondylar  brachial,  and  this  statement  holds 
independently  of  any  specific  view  as  to  the  morphological  nature 
of  the  supracondylar  process. 

The  popliteal  resembles  the  antecubital  vessel  in  fumishizig 
an  anastomosis  to  the  extensor  side  by  which  the  extensor  vessel 
persists  in  the  form  of  the  anterior  tibial  {cp.  postr.  interosseous). 
See  fig.  12. 

The  Obturator  and  Acromial  thoracic  arteries  demand  con- 
joint consideration,  from  the  many  similarities  they  present,  and 
from  the  light  they  throw  on  each  other.  In  each  case  they 
supply  homologous  musculature,  i.e.,  those  portions  of  the  limb 
outgrowth  where  dorso-  and  ventro-appendicular  elements  come 
into  contact  superiorly  :  Pectoralis  and  Deltoid  in  the  one  case ; 
Adductors  and  outward  rotators  in  the  other.  In  this  may  be 
found  some  explanation  of  the  indifference  of  origin  of  either 
artery  from  the  dorsal  or  ventral  end  of  the  vessel  "  intercostal 
in  plan,"  for  although  the  acromial  thoracic  is  pretty  constantly 
dorso-appendicular  in  origin  in  Man,  yet  in  apes  we  have  seen  its 
origin  varies  from  the  extreme  dorsal  to  the  extreme  ventral  end; 
and  here  the  tendency  seems,  for  the  more  primitive  forms,  to 
yield  a  ventral  acromial  thoracic,  while,  with  retrogression  of  the 
ventral  supply,  the  acromial  thoracic  gradually  takes  up  a  dorsal 
position. 

The  extensor  origin  of  obturator  artery  may,  then,  be  attribnt- 
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able  to  a  similar  retrogression  of  the  ventml  trunk.  In  Testvdo 
E'VLTO'pixa  the  obturator  is  a  large  ventro-appendicular  vessel. 
So  that  the  cases  of  obturator  originating  from  the  extensor 
trunk  may  best  be  regarded  as  new  formations  consequent  on 
the  phylogenetic  diminution  of  vessels  on  the  flexor  side  of  the 
thigh. 

General  considerations. 

Having  now  reduced  the  arterial  systems  in  limbs  to  something 
approaching  a  definite  morphological  basis,  it  becomes  possible 
to  review  in  summary  the  results  made  evident.      In  the  first 
place,  as  far  down  the  vertebrate  scale  as  Reptilia,  we  can  safely 
assert  that  there  is  no  need  for  the  supposition  that  the  existing 
arterial  systems  are  the  result  of  mechanical  operation  of  pressure 
upon  a  primary  anastomosing  vascular  rete.      One  is  only  too 
eager  to  recognise   the  importance  of  mechanical  factors  as 
determining  causes  of  the  higher  formations ;  but  the  view  one 
w^ould  advance  is  rather  that  these  factors  have  exerted  them- 
selves on  two  primitive  sets  of  vessels — ^a  dorso-appendicular- 
extensor,    and    a    ventro-appendicular-flexor,    arising    from    a 
primitive  vessel  "  intercostal  in  plan" 

Whether  each  of  these  sets  is  primitively  a  single  trunk  or  not 
it  is  premature  to  maintain,  and  is  not  essential  to  the  integrity 
of  the  plan.  In  fact,  the  existence  of  gluteal  and  external  iliac 
trunks,  and  of  supra-scapular,  post-scapular,  and  axillary-brachial 
trunks  in  Han,  and  of  the  ''  mehrere  arteriae  thoracic^  "  in  croco- 
diles, Bronn  ^,  indicates  that  each  set  in  either  case  is  probably 
not  single.  Yet  this  is  very  different  from  postulating  a  hap- 
hazard network  as  the  archaic  limb  supply. 

In  the  case  of  the  supply  in  each  limb  we  obtain  a  clear  insighti 
into  the  morphological  sphere  of  each  of  the  larger  vessels  in 
either  limb ;  and  as  shown  above,  the  vascular  varieties  receive  a 
simple  explanation,  and  moreover  a  tangible  classification.  To 
some  extent  speculations  as  to  whether,  for  instance,  Inselbildung 
is  due  to  splitting  of  the  brachialis  or  to  anastomotic  develop- 
ment (Buge,  op.  cit,  p.  360),  or  whether  high  or  low  brachial 
divisions  are  possibly  due  to  a  tendency  to  division  upwards  or 

J^  Bronn-Hoffmann,  op,  ciL 
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downwards  from  the  middle  of  the  arm  (Bayer,  cyp.  ciL,  pi  28), 
will,  it  is  trusted,  be  allayed. 

Not  the  least  value  of  the  present  discussion  lies  in  the  &ct 
that  from  their  aortic  origin  it  becomes  possible  to  compare  the 
vessels  of  each  limb  homologically. 

In  each  case  it  must  be  remembered  that  the  homology 
limits   itself  to    the   limb  supply.      A  further   constraint  is 
imposed  on  any  system  of  homology  by  the  fact   that   the 
analogy  is  hemodynamic,  and  therefore  possesses  a  value  but 
secondary. 

With  these  limitations,  then,  one  may  venture  to  state  that  of 
the  iliac  branches  the  external  iliac  and  gluteal  correspond  to 
the  axillary  (after  the  long  thoracic  has  been  given  off),  together 
with  the  supra-  and  post-scapularis.  The  lateral  portion  of  the 
arch  "  intercostal  in  plan  "  in  the  upper  limb  corresponds  to  the 
portion  of  long  thoracic  as  far  as  the  alar  issue  ;  in  the  lower 
limb  the  portion  between  the  posterior  trunk  and  the  issue  of 
the  sciatic  from  the  anterior  trunk.  The  sciatic  then  corresponds 
to  the  alar,  or  rather  to  that  form  of  alar  above  described  as 
partial  proximal  persistence  of  the  ventral  trunk.  The  gluteal 
furnishes  what  most  closely  resembles  the  sub-scapular  supply 
(cp.  Macalister :  Human  Anatomy ^  p.  500),  and  the  deep  circum- 
flex iliac  to  the  supra-  and  post-scapularis.  As  to  the  arrange- 
ment of  the  other  vessels,  as  far  as  homology  is  of  any  value,  the 
superficial  femoral  giving  off  a  dorsal  branch  (anastomotica)  just 
before  the  anastomotic  continuation  to  the  flexor  side  would 
appear  not  to  be  a  vas  aberrans  {cp.  Macalister,  loc.  ci^.),  but 
rather  of  extensor  nature,  and  so  would  correspond  with  the 
normal  human  brachialis  in  forming  extensor  supply  as  far  as 
Hunter's  canal,  whereas  the  vas  aberrans  (CoUateralstamm)  has 
been  shown  to  be  ventral  in  origin. 

The  Profunda  femoris  seems  to  correspond  to  a  combined 
circumflex  and  profunda  supply  of  the  arm,  rather  than  to  the 
brachialis.  In  this  case  the  external  circumflex  is  the  equivalent 
of  the  posterior  circumflex  and  superior  profunda,  whilst  in  the 
internal  circumflex  we  have  the  homologue  of  the  anterior 
circumflex.  The  continuation  of  the  profunda  trunk  finds  its 
analogy  in  the  inferior  profunda  of  the  upper  arm.  The 
Obturator  artery  has  been  already  considered.     As  to  the  vessel 
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homology  in  the  leg,  the  plan  before  us  is  in  concordance  with 
the  arrangement  described  by  Macalister  (Macalister,  op,  dt,  pp. 
500  and  505).    See  also  fig.  12. 

With  the  question  of  vascular  homology  the  present  discussion 
closes  ;  and  in  conclusion,  I  beg  to  offer  my  warmest  thanks  to 
Professor  Macalister  and  Dr  Hans  Gadow,  by  whose  help  I  was 
enabled  to  consult  the  literature  necessary  for  the  exposition  of 
my  plan. 


ON  AN  ARROW-POISON  FROM  NEW  GRANADA, 
AND  ON  ITS  BOTANICAL  SOURCK  By  Joseph 
TiLLiE,  M.D.,  Senior  Assistant  to  ifte  Professor  of  Materia 
Medica  in  the  University  of  Edivhurgh, 

Professor  Sir  William  Turner  lately  handed  to  me  for 
examination  a  gourd  containing  a  quantity  of  the  South 
American  arrow-poison,  Curara,  and  also  several  small  pieces 
of  stem,  and  a  twig  with  leaves  of  plants  said  to  be  used  to 
prepare  the  poison. 

The  specimens  have  been  in  Professor  Sir  William  Turners 
possession  since  1863.  They  were  brought  to  this  country  in 
that  year  by  Dr  James  Whiteford,  of  Greenock,  who  resided  in 
New  Granada  for  several  years,  and  had  been  requested  by  the 
late  Sir  Robert  Christison  to  obtain  information  about  the 
arrow-poisons  of  the  country.  I  am  indebted  to  Dr  Whiteford 
for  the  following  information  regarding  che  locality.  Both  the 
poison  (which  was  stated  to  be  prepared  only  from  climbing  plants) 
and  the  botanical  specimens  were  obtained  in  1862  from  the 
chief  of  a  branch  of  the  Rio  Verde  tribe  of  Indians,  at  a  village 
named  Musinga,  situated  about  50  to  60  miles  to  the  west  of  the 
city  of  Antioquia,  between  the  watersheds  of  the  rivers  Cauca 
and  Atrato,  in  about  76°  36'  W.  long.,  and  6°  40'  N.  lat. 

The  poison  is  specially  interesting,  because  it  comes  from  the 
north-west  of  New  Granada  (Colombia),  and  we  know  nothing 
definite  regarding  the  botanical  sources  of  the  poisons  with 
which  the  darts  used  for  the  blow-pipe  in  these  regions  are 
smeared ;  nor,  I  believe,  has  the  physiological  action  of  any  plant 
reputed  to  be  a  source  of  the  poison  been  examined. 

The  pieces  of  stem  are  of  two  kinds,  which  differ  considerably 
in  size  and  external  appearance. 

One  of  the  two  pieces  of  stem  is  6  cm.  long  and  1*5  cm. 
broad.  The  outer  surface  is  greyish-brown,  mottled  here  and 
there  with  irregular  patches  of  ash-grey  colour,  and  sparsely 
studded  with  wart-like  projections,  about  1  mm.  high,  and  1-2 
mm.  broad.  Several  large  shallow  longitudinal  furrows  extend 
the  whole  length  of  the  stem,  producing  a  slightly  undulating 


ARROW-POISON  FROM  NEW  GRANADA.  403 

surface.      Numerous    small    irregularly    longitudinal  furrows 
render  the  general  surface  finely  rugose.     The  bark  is  only 
about  0*5  mm.  thick.    It  shows  under  the  lens  three  layers. 
The  middle  layer  is  pale,  granular,  and  about  1^  time  thicker 
than  the  layers  which  bound  it,  and  which  are  conspicuous  by 
their  reddish-yellow  colour.     The  bark  is  easily  separable,  and 
the  surface  next  the  wood  is  pale  grey,  and  has,  to  the  naked 
eye,  the  appearance  of  fine  longitudinal  striation.     A  transverse 
section  of  the  bark  shows  under  the  microscope  (1)  a  relatively 
thick  exterior  (suberous)  zone,  the  outer  ceils  deeply  coloured 
yellowish-red,  the    inner  only  slightly  coloured,  and    nearly 
rectangular  in  form.     (2)  A  relatively  thin  (parenchymatous) 
layer  of  longitudinally  arranged  cells  coloured  reddish-yellow. 
(3)  A  very  broad  (sclerenchymatous)  zone  of  large  colourless 
polygonal  irregularly-arranged  thick-walled  cells.    (4)  A  rela- 
tively thin  inmost  (liber)  layer,  coloured  reddish -yellow.    The 
relative  breadth  of  the  layers  is  approximately,  from  without 
inwards,  3*6, 1, 6, 2*5.    The  wood  has  a  diameter  of  1*3  cm. ;  and 
an  empty  medullary  canal,  having  a  diameter  of  4  mm.,  occupies 
a  point  nearly  in  the   centre  of  the   section.     A  sharply  cut 
section  shows  a  very  large  number  of  small  openings,  with  here 
and  there  a  large  lacuna.     The  wood  near  the  bark  contains 
the  lai^est  number  of  openings,  and  they  diminish  greatly  in  size 
and  number  towards  the  medullary  canal.    The  wood,  especially 
near  the  medullary  canal,  shows  numerous  narrow  unbroken 
streaks  of  a  different  shade  from  the  pale-greyish  ground  tissue. 
The  narrow  streaks  separate  the  ground  tissue  into  relatively 
broad  pale  streaks,  pierced  by  numerous  openings,  the  different 
coloured  streaks  forming  alternate  layers  arranged  tangentially. 
A  second  piece  of  stem  (of  which  there  were  3  similar  pieces) 
is  7  cm.  long,  and  2*2  cm.  broad.     It  is  slightly  curved,  and  the 
outer  surface  is  of  a  dark  rust  colour,  and  shows  no  grey  patches 
or  wart-like  projections.    It  has  the  shallow  longitudinal  fur- 
rows already  described,  but  also  a  few  deep  transverse  furrows 
on  the  side  towards  which  it  curves.     The  general  surface  is 
wavy,  but  is  not  covered  by  fine  furrows,  and,  except  for  a  very 
few  flaky  patches,  the  furrows  and  rounded  ridges  are  smooth 
rather.     The  bark  is  only  about  1  mm.  thick,  and  the  three 
layers  previously  described  are  ill-defined,  owiug  to  the  small 
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amount  of  oolonriDg-matter  in  the  layer  next  the  wood,  which, 
however,  is  as  broad  as  the  other  layers  1,  2,  and  3  oombined. 
The  relatively  narrow  sclerenchymatous  zone  is  also  separated 
into  two  parts  by  an  intermediate  layer  of  cells  resemblini^  the 
inmost  layer.  The  medullary  canal  is  practically  obliterated, 
and  is  ezcentric  in  position.  The  pale-grey  coloured  wood  shows 
numerous  small  openings,  and  the  large  lacunae  are  scattered 
equally  over  the  whole  section.  The  tangential  arrangement  of 
medullary  rays  and  openings  is  seen  under  the  lens,  and  a  few 
irregular  strips  of  tissue,  passing  here  and  there  circumfeienti- 
ally,  give  a  deceptive  appearance  of  annual  layers. 

The  twig  is  cylindroid;  thornlees;  slightly  furrowed  loi^- 
tudinally;  pale  green;  branches  opposite;  the  bases  of  the 
branches  relatively  thick  from  the  persistence  of  the  attach- 
ments of  the  petioles,  and  the  finest  branches  covered  with 
short  brownish  downy  hairs,  just  visible  to  the  naked  eye     The 
leaves  are  opposite  and  without  stipules.     The  petioles   are 
2  mm.  long,  and  the  largest  leaves,  of  which  there  are  five,  have 
an  extreme  length  of  10'4  cm.,  and  an  extreme  breadth  of  4*1 
cm.;  the  smallest  is  3  cm.  long  and  1*6  cm.  broad;  and  the 
intermediate  sizes  average  5  cm.  long  and  2*8  cm.  broad.     The 
larger  leaves  are  elliptical,  with  the  base  acute ;  the  smaller 
sizes  are  ovate-elliptical ;  apices  acuminate ;  margins  perfectly 
entire  and  sparsely  ciliated ;  membranous ;  upper  surface  light 
green,  and  under  surface  a  paler  green  ;  glabrous  on  both  sur- 
faces, but  veins  on  under  surface  are  somewhat  downy,  espe- 
cially the  midrib ;  veins  prominent  on  the  under  surface,  and  of 
a  reddish-brown  colour ;  prominently  3-  but  also  less  distinctly 
6-nerved;  a  strongly  marked  midrib  gives  of  at  its  extreme 
base  two  very  fine,  but  in  the  smaller  leaves  sometimes  very 
distinct,  wavy  veins,  which  follow  the  margin  of  the  leaf  at  a 
distance  of  about  1  mm.,  but  become  faintly  marked  near  its 
apex;    two  strongly  marked   veins  arise  opposite  or  almost 
opposite  each  other  about  2  ram.  above  the  base,  and  follow 
the  margin  of  the  leaf  ab  a  distance  of  about  5  mm.,  and  ran 
into  the  apex  at  its  margin.     Secondary  veins,  which  are  fairly 
well  marked  on  the  under  surface  of  the  leaf,  pass  almost  trans- 
versely from  the  primary  veins  and  from  a  network. 

All  the  specimens,  therefore,  must  be  referred  to  the  genus 
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StTychno% ;  bnt  it  is  not  known  that  the  leafy  twig  was  taken 
from  either  of  the  plants  from  which  the  pieces  of  stem  were 
taken.  In  yiew  of  this  circumstance,  the  absence  of  flowers  and 
fruit,  and  the  fact  that  the  bark  and  wood  of  Strychno^  plants 
often  show,  on  microscopical  examination,  only  relatively  slight 
quautitative  differences,  the  evidence  is  insufficient  for  the 
precise  recognition  of  speciea 

The  first  described  piece  of  stem  resembles  that  of  Strychnaa 
ChMeri  (Planch.),^  the  second  that  of  Stryehnas  tooDifera 
(Schomb.),'  but  the  bark  differs. 

Some  one  or  more  of  the  characters  of  the  twig  and  leaves — 
the  downy  hairs,  absence  of  thorns,  ciliated  leaf  margin,  &c. — 
seem  to  distinguish  the  specimen  from  Strychnos  Hachenaia ' 
CKrst.)  (Venezuela) ;  and  also  from  plants  known  to  be  sources 
of  the  curara  of  other  regions : — S.  Castelnceana*  Wedd.  (West 
Brazilian  Guiana  and  Upper  Amazon);  8.  Ghuhleri,  Planch. 
(Venezuelan  Ouiana,  Upper  Orinoco);  8.  toadfera,  Schomb. 
(British  Ouiana,  Upper  Essequibo);  8.  Crevauxii,  Planch. 
(Elast  Brazilian  Guiana,  Upper  Paru),  &c.  It  presents  a  very 
close  resemblance  to  the  bejuco  de  Mavacure,  a  Strychnos  plant 
yielding  the  curara  of  the  Upper  Orinoco  districts,  collected  by 
Humboldt  and  Bonplaud  ^  at  Esmeraldas  in  Venezuelan  Guiana 
at  the  beginning  of  the  century,  and  described  by  Eunth,  who 
inclined  at  that  time  to  think  that  it  was  allied  to,  or  the  same 
as,  the  Rouharrion  OuyaTiense  of  Aublet.^  It  is  unfortunate 
that  this  historical  plant,  the  first  which  was  botanically 
recognised  as  the  source  of  curara,  is  not  precisely  identi- 
fied and  named.  It  was  later  described  by  Kunth  ^  as  Laaioa- 
ioma  (?)  Cwrarty  and  by  De  CandoUe  ^  as  Bmjiikxvmxm  (?)  Curare. 
Planchou  is  of  opinion,  from  an  examination  of  Humboldt's 
specimens,  that  they  do  not  agree  with  R,  GwyaTieTiae.    I  notice 

^  Comptes  Rend,,  Jan.  19,  1880  ;  Jtnim,  de  Pharm.  et  de  Chim.  [5],  L  298. 

*  Hooker,  Bi>t,  Joum.,  iii.  240.  '  Kanten's  Flora  ColumbicSf  vol.  ii.  p.  75. 

*  The  literature  and  descriptions  of  the  Curara-yielding  Strychnos  plants  is 
collected  by  Planchon  in  a  series  of  papers  in  the  Joum,  de  Pharm,  et  de  Chim, 
[5],  vol.  i.  p.  \^  et  seq.,  translated  in  the  Pharm,  Joum,  and  TraTuac,,  1880-1, 
Srd  Series,  voL  xi.  pp.  469,  492,  529,  589,  098,  754. 

*  Voyage  aux  lUgions  jSquinoxiales  du  Nouveau  Continent,  Paris,  1814,  T. 
iL  pi  549. 

*  Hist,  dee  Plantes  de  la  Ouiane  Pran^oise,  1775,  vol.  i.  p.  94,  pi.  86. 

'  NcnJ,  Oen,  et  Spec  Plant.  Americ.,  vol.  vii.  p.  210.  •  Prodromus,  ix.  p.  17. 


406  DR  JOSEPH  TILLIE. 

in  Humboldt's  work^  that  the  similarity  is  only  admitted 
apparently  under  the  impression — "  car  les  v^ritables  Stiychnos 
paroissent  appEui^enir  exclusivement  aux  Indes  Orien  tales."  On 
examining  the  representation  in  Aublet's  work,  I  find  that  the 
shape  and  venation  of  the  leaf  (especially  the  secondary  veins) 
are  different  in  the  specimen  which  I  have  described. 

I  have  compared  the  specimens  with  the  Strychiwe  plants 
in  the  Herbarium  of  the  Royal  Botanic  Gardens  of  Edinburgh, 
but  they  do  not  correspond  with  any  of  them.  On  sending  the 
specimens  to  the  Boyal  Gardens  at  Kew,  I  learned,  through  the 
kindness  of  Mr  Hemsley,  that  one  of  the  specimens  was  identical 
with  an  unknown  (flowerless)  species  of  Strychnoa  collected  by 
Jervise  in  New  Granada. 

The  second  bark  which  was  described  yielded  to  rectified  and 
proof  spirit  19*3  per  cent,  of  a  dark  brownish-red  extract  in  the 
form  of  a  varnish,  which  was  for  the  most  part  soluble  in  water. 
The  solution  was  of  a  deep  brownish-red  colour,  slightly  acid 
in  reaction,  and  distinctly  bitter.  The  watery  extract  has  the 
same  characters. 

The  curara  is  almost  black  in  colour,  odourless,  brittle,  and 
easily  powdered.  It  dissolves  in  water,  leaving  a  slight  residue. 
A  2  per  cent,  solution  is  dark  red  in  colour,  somewhat  bitter, 
and  has  a  slightly  acid  reaction.  The  physical  chcLracters  of 
the  curara  are  not  opposed  to  the  conclusion  that  it  has  been 
prepared  from  this  bark. 

On  testing  the  pharmacological  action  of  the  watery  and  alcohol 

extracts  obtained  from  both  barks,  I  found  the  primary  and  only 

prominent  action  in  brainless  frogs  to  be  a  paralysing  one  upon 

the  endings  of  the  motor  nerves.    The  curara  from  the  gourd 

possessed,  in  small  doses,  a  precisely  similar  action.     The  mini- 

|mum  dose  which  produced  complete  motor  paralysis  in  the  frog 

(R.  temporaria)  was  found  to  be  as  follows : — 

For  the  curara,  .        .    0000024  gramme  per  gramme 

weight  of  frog. 
For    the   combined    watery  and 

alcohol  extracts  from  the  second 

bark  which  was  described,    .     0*000058  gramme  per  gramme 

weight  of  frog. 

The  extract  of  this  bark  has  therefore  less  than  half  the 

^  Loc.  cU, 
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poisonous  activity  of  the  carara,  into  the  composition  of  which, 
as  in  the  case  of  thd  cararaof  British  Guiana,^  several  Strychnos 
plants  probably  enter. 

The  small  quantity  of  extract  of  bark  available  did  not  allow 
of  any  farther  special  examination.  After  the  outer  surface  of 
the  wood  had  been  carefully  filed  to  remove  any  traces  of  bark, 
it  was  found  that  th&  alcohol  and  watery  extracts  of  the  wood 
had,  in  the  frog,  no  obvious  pharmacological  action  in  doses 
about  100  times  greater  than  the  paralysing  dose  of  the  extract 
of  the  bark. 

A  piece  of  the  curara,  or  a  few  drops  of  a  very  concentrated 
solution,  when  applied  to  the  cut  surface  of  the  spinal  cord  of 
a  decapitated  frog  whose  circulation  had  been  arrested,  pro- 
duced no  signs  of  local  irritation,  and  after  about  30  minutes 
the  hitherto  motionless  animal  exhibited  feeble  spontaneous  and 
reflex  spasms,  partly  tetanic  and  partly  clonia     In  a  previous 
communication  *  I  have  shown  that,  when  certain  fallacies  are 
guarded  against,  all  curara  specimens  which  paralyse  the  end- 
ings of  motor,  produce  tetanus  in  large  doses.     This  curara  has 
only  about  ^^th  of  the  paralysing  and  tetanising  activity  of  the 
pure  alkaloid,  curarine.     It  is  interesting  to  find  that  the  same 
pharmacological  actions  are  produced  by  the  curara  of  the  whole 
of  the  north  of  South  America,  and  that  it  is  obtained  from 
plants  of  the  same  genus.     New  Granada  has  hitherto  been  the 
exception,  as  the  only  knowledge  we  possessed  of  its  arrow- 
poisons  was  obtained  nearly  thirty-five  years  ago  (shortly  before 
the  specimens  which  I  have  described  were  collected)  by  Ham- 
mond and  Weir  Mitchell,^  who  found  that  two  poisons  of  un- 
known botanical  origin,  named  Corroval  and  Vac,  obtained  from 
the  Rio  Darien,  caused  death  by  paralysing  the  heart,  and,  con- 
trary to  all  other  known  curara,  did  not  act  upon  the  motor 
nerves.    That  cardiac  poisons  may  also,  however,  enter  into  the 
composition  of  curara  which  acts  upon  the  motor  nerves  is  certain, 
since  Boehm*  has  separated  from  some  Venezuelan  curara  having 
the  ordinary  action  an  alkaloid  which  he  has  named  Curine,  and 
which  I  have  found  *  to  cause  death  by  acting  upon  the  heart. 

^  Reisen  ia  Brit.  Ouiana,  SchoTnJburgk^  1840-41,  p.  450. 

*  Joum,  Anal,  and  Physiol.,  1889,  vol.  zxiv.  p.  881. 

'  Anur,  Jowm.  Med,  Sci,y  vol.  xxxviii.,  Philadelphia,  1859,  p.  26. 

*  Ckemi9c?ie  studien  Uber  das  Curare^  Leipzig,  1886. 
^Op.  cU.,  vol.  XXV.  p.  68. 
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GREAT  TOE.      By  David   Hepefrn,   M.D.,  F.RS.E., 

Senior  Demonstrator  of  Anatomy,  University  of  Edin- 
burgh. 

Under  a  title  similar  to  the  above.  Professor  Leboucq,^  of 
Ghent,  to  whom  I  am  indebted  for  a  copy  of  his  memoir, 
discusses  the  homologies  of  the  adductor  group  of  muscles  in  the 
thumb  and  great  toe  of  Man.  He  records  and  figures  a  case  in 
which  the  adductor  muscle  of  the  thumb  of  an  adult  man 
presented  three  distinct  fasciculi,  viz. : — 

I.  Carpal  fasciculus — (Adductor  obliquus). 
IL  Metacarpal  fasciculus — (Adductor  transversus). 

III.  Aponeurotic  fasciculus. 

In  his  figure,  the  metacarpal  fasciculus  is  represented  as 
subdivided  into  proximal  and  distal  portions,  of  which  the 
former  is  in  close  proximity  to  the  adductor  obliquus,  while  the 
latter  is  close  to  and  partly  overlapped  by  the  aponeurotic 
fasciculus. 

This  condition  of  the  adductor  transversus  pollicis  is  one  which 
has  come  under  my  notice  in  the  dissecting-room ;  but  I  have  not 
seen  what  Leboucq  describes  as  the  aponeurotic  fistsciculus. 

In  the  hand  in  which  he  found  it, 

''Una  bandelette  masculaire  transyersale  passe  superficiellement 
devant  le  chef  ins^r^  sur  le  m^tacarpien  III  et  s'ins^re  sur  le  liga- 
ment gl^noldien  des  articulations  m^tacarpo-phalangiennes  3,  4  et  5, 
86  continuant  par  son  bord  proximal  avec  I'apon^vrose  interosseuse." 

This  slip  was  inserted  with  the  adductor,  and  Leboucq  suggests 
that  it  be  called  Transversus  mantis,  lliis  anomalous  arrange- 
ment is  not  represented  by  any  parallel  condition  among  the 
hands  of  the  anthropoid  apes,  S3  far  as  I  have  examined  them.* 
On  the  other  hand,  there  is  always  a  tendency  for  the  adductor 
transversus  to  become  subdivided  into  proximal  and  distal 
portions,  and  in  the  Gorilla  which  I  dissected  this  muscle  had 

'  Leboucq,  "  Los  Muscles  Adducteurs  da  Pouce  et  da  Gros  Orteil,"  Aead. 
Hay,  de  Med,  de  Belgique,  1898. 

*  "  Comparatiye  Anatomy  of  the  Mnscles  and  Ncnrca  of  Anthropoid  Apes,** 
Hepburn,  Jour,  AncU.  and  Pkys,,  toL  zxvl 
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fibres  of  origin  from  the  palmar  surface  of  the  distal  third  of  the 
shafib  of  the  2nd  metacarpal  bone,  as  well  as  from  the  palmar 
aspect  of  the  proximal  half  of  the  3rd  metacarpal  bone. 

In  the  latter  half  of  his  paper  Professor  Laboucq  records  the 
results  of  his  dissection  of  the  foot  of  a  chimpanzee.    He  inter- 
prets his  dissection  as  showing    that  the  adductor  hallucis 
consists  of  three  parts,  which  he  distinguishes  as  follows : — 
I.  Adductor  obliquus  halluda 
IL  Contrahens  L    (Transvensus  pedis.) 

in.  Adductor  transversus  hallucis. 
Contrahens  I  is  described  as  a  large  triangular  lamella,  whose 
origin  extended  from  the  sheath  of  the  peroneus  longus  to  the 
metatarso  phalangeal  articulation  of  the  third  and  fourth 
metatarsal  bones.  Adductor  transversus  halluds  is  situated  at 
the  distal  border,  and  partly  under  cover  of  the  preceding  muscle. 
It  arises  by  two  slips  from  the  plantar  aspects  of  the  distal  ends 
of  the  second  and  third  metatarsal  bone& 

Other  obeervers  have  hitherto  regarded  the  term  adductor 
transversus  hallucis  as  embracing  the  two  portions  here  referred 
to  by  Leboucq  under  separate  names. 

In  thus  indicating  at  some  length  the  principal  features  of  a 
highly  interesting  paper  brought  specially  uuder  my  notice  by 
its  author,  who  has  also  been  good  enough  to  refer  to  my 
published  work  in  connection  with  these  muscles  among  the 
anthropoid  apes,  I  wish  to  point  out  that  he  says,  in  refereuce 
to  the  distinction  which  he  makes  between  Cont'iuhene  I  and 
adductor  trarisveraue  haUv/yis, 

"H  y  a  plusieurs  observations  pr^entant  toutes  les  garanties 
d'exactitude  dans  lesquelles  11  u'est  ni  mentionn^  ni  figure." 

Now  it  is  quite  true  that  I  have  not  used  the  two  names 
employed  by  Professor  Leboucq  in  describing  the  muscular 
mass  under  consideration,  but  in  my  paper  it  will  be  seen  that 
the  adductor  transversus  hallucis  was  regarded  as  the  distal 
segment  of  the  great  Contrahens,  viz.,  the  first,  and  that  in  all 
the  apes  I  dissected  its  origin  consisted  of  two  parts.  One  of 
these  arose  from  an  aponeurotic  raph^,  extending  from  the  tarsus 
to  the  metatarso-phalangeal  joint  of  the  third  metatarsal  bone, 
and  the  other  consisted  of  slips  which  arose  ''from  the  heads  of  the 
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Becond  and  third,  sometimes  also  the  fourth,  metatarsal  bon^ 
close  to  their  articulation  with  the  phalanges."  Farther,  in 
Plate  IX.  both  of  these  origins  are  indicated,  although  not 
distinguished  by  separate  name& 

Founding  upon  his  observations  and  dissections.  Professor 
Leboucq  concludes,  loc.  city — 

(1)  That  the  adductor  obliquus  poUicis  is  the  homologue  of 
the  adductor  obliquus  hallucis. 

(2)  That  the  adductor  trausversus  poUicis  of  Man  is  homo- 
logous with  what  he  himself  calls  adductor  trausversus  hallucis 
in  the  Chimpanzee,  and  which  he  maintains  is,  in  its  turn,  repre- 
sented in  Man  by  a  small  slip*— occurring  in  five  per  cent,  of 
cases,  and  not  always  muscular — extending  obliquely  from  the 
plantar  aspect  of  the  distal  third  of  the  second  metatarsal  bone, 
to  be  attached  by  a  tendon  to  the  peroneal  side  of  the  first 
met-atarso-phalangeal  joint,  under  cover  of  the  transveisus  pedis. 

(3)  That  the  rare  and  abnormal  transversus  manfks  is  homo- 
logous with  transversus  pedis  of  Man,  which,  in  its  turn, 
corresponds  to  what  he  describes  in  the  Chimpanzee  as 
Contrahens  I. 

There  can  be  no  doubt  regarding  the  ability  and  ingenuity 
with  which  Professor  Leboucq  has  interpreted  his  facts;  still  it 
is  open  to  discussion  how  far  he  is  justified  in  placing  the  trans- 
versus pedis  as  the  homologue  of  an  avowedly  rare  abnormality, 
such  as  transversus  maniis,  especially  as  the  latter  is  nowhere 
represented  among  the  anthropoid  apes. 

Again,  in  the  Gorilla,  adductor  transversus  pollids  un- 
doubtedly shows  a  tendency  to  become  segmented,  so  as  to  form 
an  attachment  to  the  second  as  well  as  to  the  third  metacarpal 
bones.  Now,  this  muscle  has  been  regarded  as  homologous 
with  the  adductor  transversus  hallucis  of  former  observers,  who 
looked  upon  the  latter  muscle  as  taking  attachment  to  the 
heads  of  the  second  and  third  metatarsal  bones,  in  virtue  of  its 
similar  tendency  to  become  segmented;  and  further,  the 
adductor  trausversus  hallucis  of  the  apes  has  been  considered 
to  be  homologous  with  the  trausversus  pedis  of  Man,  by  reason 
of  the  well-known  association  of  the  latter  with  the  second, 
third,  and  fourth  metatarsal  bones. 


SOME  OBSERVATIONS  ON  THE  TEMPORAL  BONE, 
CHIEFLY  IN  CHILDHOOD.  By  J.  Jackson  Clarke, 
M.B. 

(Read  before  the  Anatomical  Society,  February  1898.) 

It  is  with  great  diffidence  I  put  before  the  Society  some  of  the 
results  of  a  piece  of  work  interrupted  by  many  pressing  duties, 
and  undertaken  more  with  the  view  of  preparing  myself  for  the 
responsibilities  of  a  surgeon  than  as  a  study  of  pure  anatomy. 
Still  I  feel  it  may  be  of  use  to  some  who  are  working  in  the  same 
field,  and  so  I  bring  it  before  the  Society,  though  conscious  of  its 
many  defects.  Of  the  latter,  one  of  the  gravest  is  a  neglect  to 
keep  a  record  of  the  sex  of  all  the  subjects  from  which  the  bones 
were  taken. 

The  general  features  of  the  stages  of  development  of  the 
temporal  bone  have  been  given  by  Dr  Symington  in  his  classical 
work  on  the  Anatomy  of  the  Child,  so  that  I  shall  limit  my 
observations  to  the  points  of  interest  in  operations  on  the  mastoid 
region. 

The  directions  given  by  Barker,  Birmingham,  and  others  for 
opening  the  mastoid  antrum  are  sufficient  for  practical  purposes. 
I  shall,  however,  venture  to  suggest  a  more  precise  definition  of 
the  term,  "  posterior  border  of  the  meatus."  This  pcurt  of  the 
temporal  bone  is  a  curved  surface,  and  therefore  it  is  difficult  to 
convey  a  definite  meaning.  If  the  posterior  extremity  of  the 
tympanic  bone  be  taken  as  the  lower  limit  of  this  border,  and 
its  upper  limit  be  fixed  by  the  supra-meatal  spine,  which  is 
always  present  in  adults,  and  usually  in  children  over  5,  I 
think  a  better  idea  is  given. 

The  tabulated  series  of  observations  which  accompanies  this 
paper  shows  that  in  infants  and  in  most  children  a  point  ^  in. 
vertically  above  the  postero-superior  angle  of  the  tympanic  bone 
is  immediately  over  the  best  part  of  the  antrum  at  which  to 
begin  the  process  of  removing  its  outer  wall.  In  adults  a  simpler 
guide  is  almost  always  to  be  found  in  the  little  depression 
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behind   the  supra-meaial  spina     Where  a  sinus  exists  from 
chronic  disease,  it  is  of  course  simpler  to  be  guided  by  it 

I  have  no  doubt  that  the  gouge  should  replace  the  trephine 
in  all  operatious  on  the  soft,  porous  craoial  bones  of  iufauts.  In 
older  children  and  adults  a  small  sharp  chisel  is  necessary,  the 
chief  precaution  being  to  avoid  giving  it  any  upward  or  back* 
ward  direction. 

lu  the  course  of  an  examination  of  120  adult  temporal  bones 
I  have  been  able  to  confirm  Birmingham's  results  as  to  the 
position  of  the  lateral  siuus  (Papers  on  the  Mastoid  Region  of 
the  SkuU,  Dublin,  1891).    After  trephining  a  great  number  of 
times  on  the  cadavera  of  adults,  I  can  say  that  it  would  be  safe  to 
adopt  the  recommendation  of  this  anatomist  in  trephining  in 
adults  for  cerebellar  abscess.      To  a  practical  surgeon,  however, 
the  occipital  artery  would  offer  no  great  difficulty ;  and  with  the 
small  half-inch  trephine  recommended  by  Mr  Barker  I  should 
prefer  to  follow  his  directions  (IJ  in.  behind  the  centre  of  the 
meatus  and  1  in.  below  the  base-line).     For  temporo-sphenoidal 
abscess  (an  extremely  rare  event  in  adults),  if  it  is  thought 
desirable   to  expose   the  back   part  of   the   middle   temporo- 
sphenoidal  convolution,  it  would  be  well  to    allow    for  the 
possibility  of  the  lateral  sinus  being  higher  than  usual,  and  to 
trephine  If  in.  or  2  in&  above  the  base-line,  as  Birmingham 
suggesta 

As  the  result  of  many  operations  on  the  cadaver,  I  can  add 
that,  following  Barker's  directions  ^  on  infiemts  of  1  year  and  under, 
the  back  part  of  the  middle  temporo-sphenoidal  lobe  in  the  one 
operation,  and  the  middle  of  the  under  surface  of  the  lateral 
surface  of  the  cerebellum  in  the  other,  are  always  exposed  without 
any  danger  of  implicating  the  lateral  sinus. 

In  all  cases,  before  trephining  and  incising  healthy  men- 
inges, it  is  advisable  to  open  up  the  antrum  and  test  with  a 
probe  whether  there  is  a  natural  path  for  drainage  which  only 
requires  the  insertion  of  a  tube  to  secure  the  evacuation  of  the 
abscess.  Such  a  condition  I  have  figured  in  Field's  Diseases  of 
the  Ear,  edit.  1892. 

^  For  temporo-sphenoidal  abscess,  the  centre  of  the  trephine  1 J  in.  behind  and 
above  the  centre  of  the  meatus.  In  cerebeUar  abscess,  1)  in.  behind  the  centre 
of  the  meatus  and  1  in.  below  Reid's  base-line. 
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In  preparing  the  bones  from  which  the  accompanying  table  b 

taken,  I  followed   Politzer's  directions  for  making  traDsvene 

sections  of  the  bone,  and  added  afterwards  a  vertical  sectioii 

of   the  mastoid  process.     Before  beginning  the  work,  I  Hasted 

Politzer  s  advice  by  making  horizontal  sections  of  several  entire 

sknlls,  and  found  the  result  satisfactory.      The  saw  is  to  lie 

on  the  upper  edge  of  the  zygoma,  and  the  plane  of  section  (o 

pass  through  the  uppermost  parts  of  the  external  and  ioternal 

meatus.* 

^  The  Anatomy  qfthe  Human  Ear, 


REPORT  ON  RECENT  TERATOLOGICAL  LITERATURE.  By 
Bertram  C.  A.  Windlb,  M.A.,  M.D.,  D.Sc,  Professor  of  Anatomy 
in  Mason  College^  Birmingliam. 

In  this  third  report  on  Teratological  Literature,  the  writer  has 
endeavoured  as  far  as  possible  to  proceed  on  the  same  lines  as  in 
previous  reports ;  to  give,  that  is,  an  account  chiefly  of  those  papers 
on  the  subject  which  are  least  accessible,  omitting  others  which, 
though  equally  worthy  of  notice,  are  published  in  English  periodicals, 
or  in  those  generally  consulted  in  this  country.  He  has  to  thank 
those  authors  who  have  been  kind  enough  to  supply  him  with  re- 
prints of  their  papers,  and  to  request  them  and  others  to  be  so  good 
as  to  supply  him  with  any  further  communications  dealing  with 
Teratological  subjects,  for  use  in  the  preparation  of  future  reports. 

General. — 0.  Hertwig  (L),  in  an  impoitant  paper,  gives  the  result 
of  his  experiments  on  the  ova  of  Rana  temporaria,  and  discusses  their 
bearing  on  the  origin  of  certain  malformations.     He  considers  that  it 
is  clearly  proved  that  the  monstrous  frog  larvae,  described  in  his 
paper,  as  well  as  the  Mesodidymi  of  bony  fishes,  and  those  disturbances 
of  development  amongst  monsters  by  arrest,  which  are  known  under 
the  name  of  Spina  Bifida,  are  due  to  a  hindrance  of  closure  of  the 
primitive  mouth,  and  the  consequent  cleavage  of  the  axial  organs. 
Discussing  the  influences  of  polyspermia,  he  also  says  that  diflerent 
factors  must  concur  with  one  another  in  an  over-fertilised  ovum, 
powers  which  tend  towards  development,  and  others  of  a  retarding 
and  disturbing  nature.    The  former  are  set  in  motion  by  fertilisation, 
even  when  that  is  multiple ;  the  latter  are  the  consequence  of  the 
injury  which  the  ovum  has  received  from  being  over-ripe,  or  from 
influences  of  various  kinds  prior  to  fertilisation.     The  final  develop- 
ment of  the  ovum  must  be  very  diflerent,  according  to  which  of  the 
two  influences  is  predominant     The  problems  which  were  discussed 
by  His  in  a  paper  (I.)  to  which  allusion  was  made  in  last  year's  report, 
have  for  some  years  been  receiving  attention  from  Giacomini,  who  deals 
in  two  communications  (IL  and  IIL)  with  certain  points  in  connec- 
tion with  early-aborted  embryos.     The  first  treats  of  a  complete 
ovum  with  an  atrophied  embryo,  which  is  compared  with  the  atrophic 
embryo  of  a  rabbit,  obtained  experimentally,  and  the  second  of  an 
abortive  product  of  the  nodular  type.     It  is  impossible  adequately  to 
deal  with  the  three  above-mentioned  papers  within  the  limits  of  this 
report,  but  the  writer  hopes  to  treat  them  more  fully  in  a  paper  now 
in  hand  on  these  early  failures  of  development.     Klaussner  (IV.),  in 
a  large  and  beautifully  illustrated  monograph,  deals  with  multiple 
formations  amongst  vertebrate  embryos.     He  gives  a  list  of  the 
species  amongst  which  these  forms  have  been  observed,  with  a  number 
of  oases  which  he  has  himself  recorded.     Amongst  fishes,  these  forms 
have  been  observed  in  the  p^^  ^^^  in  various  members  of  the 
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Salmonidse.     Triple  forms  have  been  seen  several  times,  and  one 
instance   is   given  as  unique  by  the   author,  where  four  embrjos 
coexisted  on  one  ovum  (Salmo  fario).     Amphibia,  Rana  fusca  (Bora), 
Bana  esculenta  (ib.  X  3000  ova  of  one  frog  were  artificially  fertilised ; 
of  these  about  two-thirds   developed,  amongst  which  were   twelve 
double  forms,  all  Anadidjmi.     Pelobates  fuscus  (Bruch),  a  case  with 
triply-divided  chorda.     Salamandra  maculata  (Braun),  with  two  of 
the  author's,  viz.,  anakatidymus  and  one  mesodidymus.     Reptilia, 
Tropidonotus  natrix  (Braun),  two  embiyos  separate.    Lacerta  viridis^ 
anadidymus,  Coluber  natrix,  one  anadidymus,  and  one  case  of  two 
separate  embryos.     Amongst  birds  there  are  of  course  numerous  in- 
stances, and  the  author  adds  of  his  own  one  each  of  Sturnus  vulgaris 
and  Passer  domesticus,  with  four  of  Gallus  domesticus.    After  con- 
sidering the  various  theories  of  double  monstrosity,  and  especially 
the  bearing  upon  them  of  Boux*8  remarkable  experiments^  he  states 
his  opinion  that,  firstly,  the  multiple  form  may  arise  from  primitive 
plurality  of  the  formative  substance,  a  condition   leading  to  the 
development  of  twins,  triplets,  &o, ;  and  secondly,  from  fission  with 
post-generation,  the  halves  of  the  embryo  forming  their  missing 
portions  not  from  themselves,  but  from  the  neighboiuing  material, 
as  Roux  has  shown  to  be  possible,  in  which  case  double  monateTs  of 
various  kinds  are  the  result     A  further  contribution  to  the  double- 
monster  controversy  is  made  by  Wilson  (V.),  who  states  that  when 
studying  the  cleavage  of  the  ovum  of  Amphioxus,  he  was  struck  by 
the  fact  that  the  sixteen-celled  stage  occasionally  appeared  to  tie 
double,  as  if  consisting  of  two  eight-celled  embryos,  united  along  the 
line  of  the  first  cleavage.    A  study  of  these  double  embryos  suggested 
that  some  disturbance  of  the  two-celled  stage  might  have  caused  each 
of  the  two  blastomeres  to  enter  upon  an  independent  course  <^ 
development,  and  he  was  thus  led  to  experiment  with  two-celled  stages^ 
by  Driesch's  method  of  shaking  apart  the  blastomeres.     The  experi- 
ments, successful  from  the  first  attempt,  and  often  repeated  afterwards 
under  various  conditions,  showed  that  twin  and  double  embryos  could 
thus  be  produced  in  great  numbers  and  with  perfect  ease.  As  in  Echinus, 
complete  separation  of  the  blastomeres  leads  to  the  production  of  two 
quite  separate  and  independent  twins  of  half  the  normal  size.     Each 
of  the  isolated  blastomeres  undergoes  a  cleavage  like  that  of  a  normal 
ovum  (not  a  half  cleavage),  gives  rise  to  a  blastula  of  half  the  usual 
size,  but  otherwise  normal,  undergoes   a  normal  gastrulation,  and 
develops  into  a  typical  metamerio  larva,  which  even  at  the  end  of 
two  days  differs  in  nowise,  except  in  size,  from  the  normal  forms.     In- 
complete separation  of  the  two  blastomeres  gives  rise  to  double 
embryos  of  many  varieties,  which  form  a  complete  series  leading  from 
scarcely  bilobed  forms  to  those  in  which  two  nearly  perfect  bodies 
are  joined  by  only  a  narrow  bridge  of  tissue.     The  double  embryos 
develop  into  segmented  free-swimming  larvse,  but  rarely  live  beyond 
the  first  twenty-four  hours.     Experiments  with   four-celled  staffes 
gave  analogous  results,  but  development  never  continued  long  after 
the  closure  of  the  blastopore  and  the  first  appearance  of  metamerism. 
(1)  If  the  four  blastomeres  be  completely  isolated,  each  may  give 
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rise  to  a  dwarf  blastula,  gastmla,  and  oral  free-swimming  larva  one 
fourth  the  normal  rise,  but  otherwise  normal.  (2)  If,  as  frequently 
happens,  the  four-celled  stage  falls  into  two  pairs  of  cells,  each  pair 
may  give  rise  to  an  embryo  of  half  the  normal  sisse  (proved  by  isola- 
tion cultures).  (3)  If  the  four  blastomeres  be  impeHectly  separated, 
^hree  types  of  multiple  embryos  (gastnilas)  arise,  namely,  (a)  double 
embryos  (each  half  presumably  arising  from  a  pair  of  cells) ;  (b)  triple 
embryos,  one  body  being  twice  the  sise  of  the  other  two;  and  (c) 
quadruple  embryos,  each  body  being  one-fourth  the  normal  size. 
He  believes  that  the  isolated  blastomere  of  the  eight-celled  stage  is 
incapable  of  producing  a  gastrula.  The  facts  demonstrate,  he  be- 
lieves, that  the  development  of  an  isolated  blastomere  of  the  two- 
oeUed  stage  of  Amphiozus  is  not,  as  in  the  frog,  at  first  a  half-develop- 
ment, afterwards  completed  by  a  process  of  regeneration  (*'  post-genera- 
tion." Rouz).  The  isolated  blastomere  develops  as  a  unit,  not  as  a 
half-unit ;  and  the  cells  to  which  it  gives  rise  cannot  be  individually 
identified  with  those  of  a  normal  embryo-half.  The  development  is 
transformed  from  the  beginning. 

Baudoin  (VI.)  gives  a  further  accoimt  of  the  pygopagus  Eosa- 
Joeepha,  contrasting  their  condition  of  genitalia  with  that  of  Millie- 
Christine  and  Helen-Judith.  Millie-Christine  had  a  double  clitoris, 
and  Heleu-Judith  a  vagina  double  above,  single  below.  In  Rosa- 
Josepha,  there  is  a  single  clitoris,  but  two  vaginae,  with  each  its 
hymen  and  a  single  rectum.  The  author  attributes  the  malformation 
to  the  union  of  two  germs  developed  within  the  same  chorion.  A 
case  of  abcaudal^fission  in  a  cat  is  recorded  by  Landois  (VIL),  where 
union  took  place  above  the  umbilicus.  There  were  two  bodies,  eight 
limbs  and  two  tails,  two  spinal  cords  and  one  brain.  Pineau  (VIII.) 
narrates  a  case  of  complete  transposition  of  the  viscera  in  a  female 
who  was  left-handed,  a  fact  which  he  thinks  points  to  the  probability 
of  a  transposition  of  the  two  hemispheres  of  the  brain  also.  In  an 
interesting  monograph,  Schmidt  (IX.)  gives  the  results  of  his  examina- 
tion of  twelve  dwarfs,  the  paper  being  illustrated  with  figures,  and 
containing  careful  tables  of  measurements.  The  cases  are  as  follow : — 
(I)  F.,  set.  19,  930  mm.  (normal  for  4  years) :  microcephalous.  (2) 
F.,  8Bt.  16,  1160  mm.  (normal  for  8  years) :  had  a  serious  illness  at 
8  years  of  age,  since  when  growth  has  ceased.  (3)  F.,  set.  26,  1083 
mm.  (normal  for  7  years) :  an  illness  at  5  years,  intellect  very 
feeble.  (4)  F.,  let  11^,  979  mm.  (normal  for  5  years):  good  in- 
tellect, skull  large,  looking  as  if  affected  with  hydrocephalus,  limbs 
and  especially  armH  very  short.  (5)  M.,  set.  63,  1262  mm.  (normal 
for  9-10  years)  :  grew  imtil  between  10  and  12  years  of  age.  (6)  M., 
«t  19 J,  1280  nmi.  (normal  for  10  years) :  idiot  (7)  M.,  set.  17, 
1149  mm.  (normal  for  7  years)  :  idiot.  (8)  M.,  set.  20,  1320  mm. 
(normal  for  11  years) :  hydrocephalic.  (9  and  10)  Two  microcephalic 
idiot  sisters.  (11)  M.,  set.  21,  1212  mm.  (normal  for  9  years); 
hydrocephalic.  (12)  M.,  let.  15^,  1199  mm.  (normal  for  8  years). 
Save  in  the  case  of  9  and  10  possibly,  there  was  no  history  of 
heredity  attached  to  any  of  these  dwarfs.  Houz^  (X.)  describes  a 
female  dwarf,  aged  24,  who  was  of  normal  size  at  birth,  but  subse- 
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quently  was  always  backward  in  growth,  which  ceased  at  4  years  of 
age.  Dental  formula,  1|,  C\,  Pf,  Mf ;  weight  18^  kg.,  h&gttt  81 
cm.  (normal  for  2^  years) :  cannot  widk  alone,  and  is  quite  idiotic 
Has  a  persistent  anterior  fontanelle,  and  no  nasal  cartilages  save  the 
septal.  Cyanosis  probably  dependent  upon  patent  foramen  ovale. 
Taruffi  (XL),  in  a  paper  on  congenital  stnuna  of  the  thyroid  body, 
gives  a  number  of  cases  which  he  classes  under  the  headings  of 
adenomatous,  parenchymatous,  and  congestive. 

Head,  Neck,  and  Nbbvoub  System. — Busachi  (Xll.)  describes  a 
case  of  facial  cleft-  in  a  child  aged  16  months,  on  the  left  side,  and 
following  the  naso-labial  fold.  The  lower  part  had  healed  in  utero, 
leaving  a  fine  scar,  the  line  of  which  on  the  mucous  membrane 
coincided  with  the  interval  between  the  incisor  teeth.  The  ala  of  the 
left  nostril  was  displaced  upwards  and  outwards,  so  as  to  be  almost 
attached  to  the  angle  of  the  eye,  and  the  lower  lid  was  deft  by  the 
fissure.  The  same  writer  (XIII.)  records  a  case  of  double  harelip 
and  cleft  palate,  with  prominent  inferior  maxilla  Hirschberg  (XIV.) 
describes  a  foetus  in  which  the  aperture  of  the  eyelids  was  small,  and 
the  lids  firmly  closed  ;  the  globes  were  smalL  There  was  harelip  and 
cleft  palate.  In  place  of  the  pinnee  there  were  two  skin  appendages, 
each  divided  into  an  upper  and  lower  portion.  Busachi  (XY.) 
describes  a  persistent  branchial  cartilage  observed  in  a  man  aged  30. 
It  was  on  the  right  side,  and  situated  on  the  inner  edge  of  the 
stemo-mastoid,  at  the  level  of  the  cricoid  cartilage.  It  appears  as  a 
rounded  sessile  prominence.  The  cartilage,  when  removed,  was 
found  to  be  reticular  in  its  structure.  Paci  (XYI.)  describes  a 
branchial  fistula  in  a  woman  aged  22.  There  was  a  nodule  on  the 
side  of  the  neck,  at  the  level  of  the  hyoid  bone,  with  a  small  opening 
(a  nephew  was  similarly  affected).  On  excision,  the  fistula  was  found 
to  be  lined  with  pavement  epitheliimi;  near  it  there  was  a  small 
piece  of  hyaline  cartilage  and  some  mucous  glands.  Trioomi  (XVIL) 
narrates  a  similar  case  occurring  in  a  patient  aged  24,  on  the  right 
side  of  the  neck,  on  the  inner  margin  of  the  stemo-mastoid,  and  two 
cm.  above  the  stemo-clavicular  articulation.  There  was  a  roond 
aperture  2  mm.  in  diameter,  the  margins  of  which  were  somewhat 
brown.  A  probe  passed  upwards,  and  fluid  was  seen  to  emerge  in 
the  pharynx  from  a  small  aperture  situated  on  a  papilla  near  the 
tonsil. 

Beck  (XVIII.)  describes  a  case  of  double  branchial  cartilage,  one 
on  the  inner  boi'der  of  either  stemo-mastoid,  at  the  level  of  the  cricoid 
cartilage.  On  microscopic  examination  they  were  found  to  consist  of 
reticular  cartilage.  L^jars  (XIX.)  calls  attention  to  the  diverticula 
which  exist  in  branchial  fistulffi)  causing  difi&culties  in  their  cure 
unless  excision  is  practised. 

Bichet  (XX.),  in  a  monograph  on  Microphthalmia,  gives  an  account 
of  a  number  of  cases,  and,  on  the  vexed  question  of  causation,  states 
his  opinion  that  sometimes  microphthalmia  constitutes  a  simple  form 
of  local  arrest  of  development,  coinciding  with  arrests  of  neighbouring 
organs.  Sometimes  it  is  the  last  stage  of  an  intra-uterine  inflammar 
tory  malady.     Guinard  (XXI.)  mentions  some  coses  of  completely 
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anophthalmic  guinea-pigs.    A  male  which  was  kept  for  two  years  had 

a  numerous  progeuy,  with  various  normal  females,  twelve  of  the  off- 

Bpring  exactly  resembling  their  sire.     An  attempt  to  raise  a  blind 

race  failed,  apparently  from  the  death  of  the  parents.     In  all  the 

anophthalmic  cases  the  globes,  optic  nerves,  and  tracts  were  quite 

absent,  and  the  anterior  pair  of  corpora  quadrigemina  were  smaller 

than  normal.     Kress  (XXII.)  gives  an  account  of  the  literature  of 

malformed  pinnae  of  the  ear,  with  three  cases  observed  by  himself. 

(1.)  Child  88t.  6  months:  left  ear  curved  forward,  covering  and 

obliterating  the  external  meatus.      (2.)  Child  sot.  6  months :  right 

ear  smaller  than  left,  and  spirally  curved  forward  over  the  concha. 

(3.)  M.  set.  22 :  the  right  ear  had  a  contracted  pinna,  and  there  was 

atresia  of  the  meatus.      In  a  series  of  papers   (XXIII.-XXIX.), 

Gradenigo  gives  a  full  account  of  the  various  anomalies  associated 

with  the  pinna  of  the  ear.     The  account  is  too  full  to  permit  of  a 

satisfactory  abstract,  but  the  following  tables  may  with  advantage  be 

reproduced,  the  varying  frequency  of  occurrence  in  the  different 

classes  being  a  point  of  special  interest. 
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From  this  it  may  be  observed  that  anomalies  of  shape  of  the  pinna 
of  the  ear  occur  much  more  frequently  in  the  insane  and  criminal 
classes  than  amongst  others,  and  that,  whilst  among  the  latter  only 
slight  deviations  fh)m  the  normal  are  usually  observed,  such  as  simply 
united  lobule,  scaphoid  fossa  continued  towards  the  lobule,  &c.,  among 
the  former  very  much  more  remarkable  malformations  appear  (exces- 
sively outstanding  pinna,  asymmetry  of  implantation,  adhesions,  lobe 
prolonged  on  to  the  cheek,  &c.).  The  following  table  gives  the  re- 
lation of  the  anomalies  to  the  different  sides  of  the  face. 

A  further  table  shows  that  the  one-sided  anomalies  in  general  occur 
more  frequently  on  the  right  side,  both  amongst  men  and  women, 
with  the  exception  of  the  outstanding  ear,  which  is  much  more 
frequent  amongst  men  on  the  left  side.     Variot  (XXX.)  has  two  cases 
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of  malfonnation  of  the  pinna.  (1.)  M.  set.  3| :  on  both  sidee  the 
fold  of  fibro-cartilage  by  which  the  antihelix  commenoes,  instead  of 
sinking  at  the  vicinity  of  the  concha,  keeps  its  prominence,  branches 
and  causes  a  prominence  by  which  the  concha  is  divided  into  two 
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parts.  (2.)  Left  pinna  reduced  to  3x1*5  cm.,  lobule  well  formed: 
behind  the  tragus  is  a  small  elevation  with  four  blind  pits.  Bianchi 
(XXXL),  in  a  study  of  the  development  of  the  squamous  portion  of 
the  occipital  bone,  states  (1.)  that)  as  most  observers  assert,  ossifica- 
tion extends  from  four  primitive  points  in  the  squama.  (2.)  Besides 
the  two  giving  rise  to  the  supiu-occipital,  and  the  two  producing  the 
interparietals,  two  other  nuclei  may  arise  later  in  the  connective 
tissue  as  Ficalbi  has  shown  (2),  the  pre-interparietals  of  Chiarugi. 
(3.)  These  elements  may  be  situated  above  the  interparietals  (most 
common),  or  in  the  middle  of  the  interparietals.  (4.)  When,  by  an 
anomaly  of  development,  the  interparietals  and  pre-interparietals  do 
not  unite  with  the  supraoccipital,  they  almost  constantly  atrophy. 
From  variations  in  the  development  and  position  of  these  nuclei 
proceed  the  different  anomalies  of  this  region.  Arnold  (XXXIL)  has 
a  lengthy  study  of  an  anencephalous  foDtus  which  lived  three  days. 
It  sucked  when  a  finger  was  placed  in  the  mouth  and  when  supplied 
with  milk.  Urine  and  meconium  were  passed  normally.  The  pupils 
did  not  react.  Stimulation,  electrical  and  otherwise,  of  the  exposed 
cerebral  surface  caused  muscular  movements,  chiefly  of  the  face.  A 
full  description  of  the  nervous  system  is  given.  The  most  remark- 
able point  in  connection  with  the  microscopic  examination  of  the 
spinal  cord  is  the  observation  that  there  was  a  decrease  in  size  of  the 
lateral  columns,  and  in  less  degree  of  the  anterior,  the  posterior 
columns  and  the  grey  matter  being  also  reduced  in  size.  It  may  be 
noted  that  Leonowa,  in  a  paper  (4)  of  which  an  account  was  given 
in  the  first  of  these  reports,  stated  that  the  lateral  pyramidal  and  the 
direct  cerebellar  tracts  were  wholly  wanting  in  his  case.  Arnold 
states,  with  regard  to  the  pyramidal  tracts,  that  it  is  not  the  case 
that  they  are  wanting  in  all  instances  of  anencephaly ;  the  extent  of 
deficiency  of  the  brain  is  different  in  such  cases,  and  the  condition  of 
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the  pyramids  variable.  As  regards  the  posterior  columns,  these  are 
normally  developed  up  to  their  nuclei ;  from  thence  there  is  a  decrease 
which  especially  affects  the  fibres  rising  to  the  brain,  and  those 
crossed  at  the  corpora  restiformia,  whilst  the  uncrossed  are  better 
formed.  Zilgien  (XXXIII.)  gives  an  account  of  the  brain  of  a  child 
of  eleven  years  which  was  totally  devoid  of  convolutions.  The  child 
was  quite  idiotic  ;  and  its  twin,  which  died  four  years  previously,  pre- 
sented the  same  mental  condition,  though  unfortunately  its  brain 
was  not  examined.  The  brain  in  the  case  alluded  to  had  no  con- 
vulutions,  pons,  or  corpus  callosum,  and  the  fossa  Sylvii  was  barely 
indicated.  The  hemispheres  did  not  cover  the  cerebellum.  It 
weighed  195  grammes.  Nerve-cells  are  stated  to  have  been  found 
in  the  cortex,  but  they  are  not  more  particularly  described.  Manges 
(XXXIV.)  describes  a  meningocele  of  the  root  of  the  nose  in  a  child 
of  15  month&  It  emerged  at  the  point  where  the  left  nasal  bone 
should  have  articulated  with  the  frontal,  and  contained  only  cerebro- 
spinal fluid.  Taruffi  (XXXV.)  describes  an  anencephalous  fcstus,  also 
affected  with  symmelia,  which  possessed  two  completely  formed 
inferior  maxilla^,  placed  side  by  side.  The  mouth  aperture  was 
single. 

Trunk. — Jaboulay  (XXXVI.)  gives  notes  of  two  cases  of  arrested 
torsion  of  the  large  intestine,  one  occurring  in  a  fcotus  of  35  cm., 
and  the  other  in  a  woman  aged  40.  In  both  instances  the  transverse 
colon  was  only  on  the  left  side  of  the  abdomen,  and  the  ascending 
colon  was  in  front  of  the  small  intestine,  which  it  divided  into  two 
parts,  one  on  either  side  of  the  abdominal  cavity.  Shepherd  (XXXVIL) 
has  an  account  of  a  fcocal  fistula  of  the  umbilicus,  due  to  a  persistent 
omphalo-mesaraic  duct,  which  was  cured  by  operation.  V.  Bardeleben 
(XXXVIII.)  adds  a  supplement  to  a  former  paper  (5)  on  hyperthelia. 
Of  192  soldiera  examined,  27  possessed  supernumerary  breast 
warts,  t.0.,  14  °/^.  The  examination  of  two  regiments  gives  the 
following  figures  for  the  side  of  occurrence, — 1079  men,  left  55 ;  right 
30;  both  6  :  total  91.  He  remarks  that  these  supernumerary  warts 
not  only  appear  in  a  regular  line  from  the  shoulder  to  the  pubes,  but 
take  their  places  in  regular  positions,  which  can  be  arranged  in 
distinct  order ;  thus  our  normal  breast  is  the  fourth  in  series.  It 
will  be  noticed  that  in  this  opinion  he  concurs  with  that  expressed 
by  Williams  (6). 

Testut  (XXXIX.)  describes  a  case  of  supernumerary  mamma  exist- 
ing on  the  thigh  of  a  female,  aged  41.  It  was  well  formed,  and  placed 
on  the  antero^internal  aspect  of  the  right  thigh,  below  the  fold  of  the 
groin,  in  a  line  of  the  spine  of  the  pubes.  There  was  a  conical  ui{)plc 
12  mm.  from  base  to  summit,  surrounded  by  a  mass  of  glandular 
tissue,  which  could  be  moved  about  upon  the  aponeurosis  of  the  thigh. 
The  breast  became  turgid  at  the  menstrual  epoch  and  during  preg- 
nancy, but  milk  had  not  been  observed  to  come  from  it.  This  case 
is  similar  to  that  published  by  Robert  (7),  where  the  breast  was 
situated  on  the  left  thigh  of  a  woman  who  had  suckled  several  chil- 
dren at  it.  As  to  the  atavistic  character  of  these  breasts,  the  dis- 
cussion by  Sutton  (8)  may  be  seen.     A  remarkable  case  of  implants- 
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tion  is  given  by  Tsortis  (XL.) :  it  was  observed  in  a  soldier  aged  21. 
On  an  elevation  situated  below  the  left  scapula,  were  placed  au  almost 
complete  set  of  female  external  genitalia,  lying  with  their  long  axis 
perpendicularly,  2*5  cm.  in  length.  The  labia  majora  were  slightly 
open,  covered  externally  with  black  hairs ;  the  internal  surface  was 
smooth,  soft,  and  resembled  mucous  membrane.  They  united  above 
into  a  kind  of  Mons  Veneris.  There  was  a  small  cavity  between  the 
labia,  resembling  a  rudimentary  vagina,  above  which  was  a  small 
tubercle  like  a  clitoris  ;  there  were  no  labia  minora.  My  colleague,  Mr 
Oliver  Pemberton,  has  shown  me  a  picture  of  a  patient  of  his,  a  male, 
on  the  centre  of  whose  back,  at  the  level  of  the  upper  lumbar  region, 
was  a  well-formed  penis  with  hair  around  it,  and  a  structure  beneath 
like  a  scrotum.  Busachi  (XLI.)  describes  a  case  where  the  penis  was 
adherent  to  the  anterior  part  of  the  scrotum  for  its  entire  length ;  it 
was  also  affected  with  hypospadias.  Taruffi  (XLII.)  devotes  a  memoir 
to  the  consideration  of  abnormal  penile  canals,  classed  under  the 
following  headings : — (1)  Seminiferous :  there  may  be  two  openings  at 
the  glans^-one  for  urine,  the  other  for  semen.  (2)  Blind  canals  lying 
between  the  corpora  cavernosa,  and  therefore  above  the  urethra.  (3) 
Uriniferous,  two  canals,  one  situated  above  the  other  and  separated 
from  it  by  a  membranous  septum,  both  passing  urine.  (4)  Faecal 
canals.  Nieberding  (XLIII.)  describes  three  cases  of  a  congenital 
contraction  of  the  centre  of  the  vagina  by  a  ring,  the  passage  being 
thus  hour-glass  shaped,  and  consisting  of  an  upper  chamber  containiDg 
the  cervix  uteri,  and  communicating  by  a  narrow  aperture  with  the 
lower,  which  was  continuous  with  the  vestibule.  Tapie  (XLFV.) 
mentions  a  case  where  there  was  absence  of  the  right  kidney,  of  the 
lower  part  of  the  Fallopian  tube,  and  of  the  side  of  the  uterus.  There 
was  a  well-formed  right  ovary,  to  which  the  upper  part  of  the  tube 
was  attached.  The  left  ovary  lay  beneath  the  kidney,  which  was 
hypertrophied. 

Extremities. — Busachi  (XLV.)  describes  a  case  of  absence  of  the 
fibula,  with  a  summary  of  the  literature  relating  to  this  malforma- 
tion. The  same  writer  has  another  paper  (XLVI.)  on  absence  of 
the  tibia,  which  is  a  supplement  to  one  published  previously  by  him 
on  the  same  subject  (9).  A  third  case  narrated  by  the  same  author 
(XLVII.)  is  one  of  syndactyly  in  a  boy  aged  13  months.  The  whole 
right  hand  was  smaller  than  the  left,  and  the  thumb  (which  is 
unusual)  was  united  to  all  the  fingers.  Schsefar  (XL VIII.)  gives  an 
account  of  five  cases  of  ectrodactyly,  (1 )  All  four  extremities  tweeted  \ 
father,  father's  sister,  and  five  of  his  own  sisters  similarly  affected. 
(2)  Only  two  metacarpals  on  the  right  hand,  rest  normal.  (3)  Both 
hands  affected;  right  has  three  metacarpals,  left  two.  (4)  Three 
metacarpals  to  right  hand.  (5)  Metatarsus  and  phalanges  of  right 
foot  absent.  B6dart  (XLIX.)  gives  a  case  of  similar  kind  in  which 
heredity  was  well  marked.  The  ectrodactyly  affected  the  margiual 
digits,  the  feet  being  forked,  and  the  hands  of  the  lobster-claw  type. 
The  first-affected  generation  consisted  of  one  affected  male,  who 
married  a  normal  wife.  They  had  one  abnormal  and  one  normal  son 
and  two  abnormal  daughters.     The  third  generation  consists  of  13 
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children,  viz.,  5  normal  and  2  abnormal  males,  and  6  females  all 
abnormal  Thus  the  females  of  the  family  were  more  affected  than 
the  males.  An  instance  of  this  occurred  in  the  case  of  heterologous 
twins,  bom  of  one  of  the  members,  of  whom,  one  twin,  a  girl,  was 
affected,  and  the  other,  a  boy,  was  normal.  Hydgier  (L.)  describes 
a  case  of  syndactyly  of  the  four  outer  toes  of  both  feet,  also  of  the 
third  and  fourth  digits  of  the  left  hand,  the  thumb  of  which  was 
absent.  In  the  same  paper  is  a  description  of  a  case  of  ectromelia, 
in  which  all  four  extremities  were  imperfectly  developed.  Both  fore- 
arms were  absent^  as  also  the  entire  of  the  right  lower,  which  was 
represented  by  a  fleshy  appendage  of  the  size  of  an  apple,  and  all  the 
left  lower  except  the  upper  third  of  the  thigh.  A  case  where  one 
upper  extremity  alone  was  affected  is  that  given  by  Deboux  (LL). 
The  patient  was  a  young  negress  aged  14.  The  right  hand  has  no 
minimus,  and  the  left  fore-arm  is  deficient  from  the  elbow-joint. 
The  right  leg  is  shorter  than  the  left^  and  there  is  a  consequent 
lateral  curvature  of  the  spine.  The  author  thinks  that  in  these  cases 
certain  primitive  cells,  which  should  have  developed  into  the  missing 
portions,  have  been  impeded,  possibly  by  want  of  sufficient  formative 
material.  Humphry  (LIT.)  deals  with  the  interesting  subject  of 
macrodactyly.  He  gives  an  account  of  six  casts  and  specimens  in 
the  museum  of  the  University  of  Cambridge.  The  author  discusses 
the  bearing  of  these  cases  on  certain  pathological  problems,  and  states 
that  the  cases  obviously  consist  in  an  excess,  an  abnormally  excessive 
growth  of  a  normal  part  of  the  body — an  excess  not  depending  upon 
any  superabundance  of  nutritive  supply  or  any  modification  of  nerve- 
influence,  but  upon  an  excess,  a  want  of  due  restraint,  of  that 
developmental  force  by  which  the  several  organs  and  structures 
acquire  and  maintain  their  proper  dimensions  and  relations  to  one 
another,  and  by  which  their  relative  growth  at  different  periods  of 
lifo  and  under  different  circumstances  (as  of  the  genital  organs  at 
puberty)  is  determined.  The  nature  of  this  force  is  a  mystery, 
perhaps  past  finding  out  He  lays  stress  upon  the  view  that  what- 
ever may  be  their  exciting  causes,  and  however  much  they  may 
differ  in  their  characters  and  progress,  macrodactyls  and  nievi,  warts 
and  tumors,  simple  and  malignant,  are  essentially  alike  in  the 
feature  of  being  overgrowths  of  the  parts  or  tissues  in  which  they 
take  origin.  Prince  (LIII.)  gives  a  case  where  a  portion  of  one  of 
these  macrodactyls  was  examined  in  a  recent  state.  The  patient  was 
a  boy  aged  4  years,  bom  of  healthy  parents.  At  birth  and  ever  since, 
the  right  arm,  fore-arm,  thumb  and  index  have  been  larger  than  the 
left.  When  examined,  the  circumference  of  the  left  arm  was  7  in., 
of  the  right  9 ;  while  the  measurements  of  the  fore-arm  were,  left 
3f  in.,  right  7  in.  The  skin  was  smooth,  and  there  was  no  sign  of 
elephantiasis.  The  right  index  being  bifurcate,  one  portion  was 
removed ;  and  when  examined,  the  hypertrophy  of  that  part  was  found 
to  be  seated  in  the  cellular  tissue. 

In  last  year's  report  a  summary  was  given  of  a  paper  by  Jolly  (10) 
on  a  case  of  fused  hands,  a  similar  case  to  which  has  now  been 
described  by  D wight  (LIV.).     The  paper  commences  with  an  account 
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of  the  literature  of  the  subject.  The  subject  was  a  male  aged  37, 
and  the  left  arm  was  affected.  The  fore-arm  consists  of  the  normal 
left  ulna,  and  of  a  right  one  in  the  place  of  the  radius.  The  right 
or  extra  ulna  is  put  on,  hind  side  before ;  that  is,  the  back  of  the 
olecranon  projects  forward  over  the  front  and  outer  aspect  of  the 
humerus.  At  the  lower  end  of  the  humerus  the  intemsd  condyle  is 
normal ;  it  is  quite  unmistakable,  and  is  the  most  evident  starting- 
point.  On  the  posterior  surface  is  an  olecranon  fossa  containing  the 
normal  olecranon.  Beyond  this  is  a  thick  rounded  swelling,  which, 
however,  can  hardly  have  been  prominent  before  dissection.  This  is 
the  normal  outer  condyle  of  the  humerus,  plus  another  of  a  right 
humerus,  applied  to  the  normal  bone  at  nearly  a  right  angle.  A  pro- 
minence somewhat  to  the  outer  side  of  the  front  of  the  normal  humerus 
represents  the  internal  condyle  of  the  right  one.  Between  this  and 
the  fused  external  condyles  is  the  joint  for  the  right  olecranoiL 
There  is  but  a  faint  trace  of  a  fossa  above  it.  Between  the  two 
internal  condyles  is  a  very  small  coronoid  fossa  on  the  front  of  the 
normal  humerus.  Thus  it  appears  that  to  this  left  humerus  is  added 
a  part  of  the  lower  end  of  the  right  one,  so  applied  that  the  outxr 
condyles  are  fused  and  the  right  internal  condyle  projects  forward. 
The  proximal  row  of  carpal  bones  consists  of  three  bones  besides  the 
two  pisiforms.  At  either  side  of  the  wrist  is  a  cuneiform,  the  dorsal 
surface  of  which  is  uncommonly  large.  Between  them  is  a  bone, 
which  is  evidently  the  result  of  the  fusion  of  two  semilunars.  Its 
upper  border  is  slightly  notched.  The  pisiforms  in  the  tendons  of 
the  ulnar  flexors  are  displaced  above  the  wrist  on  to  the  uhucL 
Extension  of  the  hand  would  have  brought  them  on  to  the  cuneiform 
bones.  At  each  end  of  the  second  row  there  is  an  unciform  bearing 
the  little  and  ring  fingers.  Each  rests  on  the  corresponding  cuneiform, 
and  touches  the  semilunar.  Next  come  the  two  ossa  magna,  very 
symmetrically  disposed,  each  bearing  the  metacarpal  bone  of  the 
middle  finger.  Their  anterior  halves  diverge  so  as  to  leave  an  interval 
between  them,  behind  which  they  touch  each  other,  their  heads  rest- 
ing side  by  side  in  the  middle  bone  of  the  first  row.  In  the  notch 
between  these  bones  is  the  trapezoid,  bearing  the  left  index  finger 
which  belongs  to  the  left  hand.  As  regards  the  muscles,  there  were 
two  tricipites;  coraco-brachialis  was  small,  and  there  was  no  well- 
defined  brachialis  anticus.  The  brachial  artery,  after  a  high  division, 
gave  off  an  ulnar  which  ran  deeply,  giving  origin  to  the  interosseous. 
The  other  branch  at  first  ran  superficisJly  like  a  radial,  and  then 
changed  into  an  ulnar,  giving,  as  did  the  other,  a  characteristic  deep 
branch  to  the  palm.  The  musculo-spiral  nerve  gave  off  a  branch, 
which,  in  place  of  a  radial,  became  an  ulnar. 

Two  cases  of  absent  pectoral  muscles  may  be  added  to  those  given 
in  the  first  of  these  reports.  Hagman  (LV.) :  absent  right  pectoral  in 
a  boy  aged  11.  F^r^  (LVI.) :  this  case  was  that  of  a  male  aged  30, 
in  whom  the  right  iris  was  browner  than  the  left,  the  right  side  of 
the  tongue  thinner  than  its  fellow,  the  hair  was  less  well  developed 
and  whiter  on  the  left  side,  and  the  sight  and  hearing  were  worse  on 
that  side.     He  was  epileptic,  and  the  convulsions  were  more  marked 
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on  the  left  side.  At  the  P.M.  the  left  oomu  Aramonis  waa  found  to 
be  harder  than  the  right  The  right  pectoralis  major  consisted  of 
three  narrow  digitations,  separated  by  fibrous  tissue,  and  there  was 
no  P.  minor. 
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A  PHRENIC  NERVE  RECEIVING  A  ROOT  OF  ORIGIN  FROM 
THE  DESCENDENS  HYPOGLOSSI.     By  Professor  Sir  W. 

TURNBB. 

Variations  in  the  roots  of  origin  of  the  phrenic  nerve  have  heen 
recorded  by  Wrisberg,^  Ludwig,^  Cunningham^  and  myself.*  Recently 
I  met  with  a  variety  which,  though  VaJentin  in  Sommering's  work 
Him  und  Nervenlehre  states  to  be  often  present,  has  only  once  come 
under  my  observation. 

On  the  left  side  of  the  neck  of  an  adult  male  a  branch  of  some  size 
arose  in  the  lower  part  of  the  neck  from  the  descendens  hypoglossi. 
It  entered  the  thorax,  passed  in  front  of  the  vena  innominata 
sinistra  and  the  transverse  part  of  the  arch  of  the  aorta,  and  joined 
the  left  phrenic  nerve  in  front  of  the  root  of  the  left  lung.  This  left 
phrenic  received  roots  of  origin  from  the  anterior  divisions  of  the 
fourth  and  fifth  cervical,  but  not  from  the  third.  It  is  probable 
that  in  this  neck  the  root  of  the  phrenic  from  the  third  had  accom- 
panied the  communicans  hypoglossi  arising  from  the  third  cervical, 
and  through  it  had  reached  the  descendens  hypoglossi,  with  which  it 
ran  for  about  two  inches  before  being  given  off  to  join  the  phrenic  in 
the  thorax,  as  above  described. 

^  and  ^  Quoted  by  Krause  and  Telgmann  in  Die  Varietatkn  des  Nerven,  Leipzig^ 
1868. 

•  Jour,  of  Anat.  and  Fhys.,  vol.  vii.  p.  94. 

*  Ibid,,  vol.  vi.  p.  102. 
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Precis  de  Teratologie  Anomalies  et  Monstruosit^  chez  r Homme  ei  tka 
les  Animaux,  Par  L.  Qwinoxdiy  precede  c^une  preface,  par  M.  le 
Dr  Camille  Dareste.     Paris :  J.  B.  Baillifere  et  Fils,  1893. 

The  writings  of  Et.  and  Is.  GeoflBroy  Saint  Hilaire,  Vrolik,  Guilt, 
Forster,  and  Ahlfeld  are  familiar  to  all  who  are  engaged  in  the  study 
of  the  anomalous  forms  which  from  time  to  time  present  themselTes 
in  the  human  body  and  in  those  of  the  domesticated  mammals.  The 
beautifully  illustrated  monograph  on  Human  Monstrosities,  by  Dn 
Hirst  and  Piersol  of  Philadelphia,  the  appearance  of  the  first  and 
second  parts  of  which  we  noticed  in  this  Journal^  July  1892,  whilst  a 
third  part  has  subsequently  been  published,  has  enabled  those 
engaged  in  teratologioal  study  to  become  acquainted  with  the  valu- 
able collection  contained  in  the  Museum  of  the  Medical  Department 
of  the  University  of  Pennsylvania.  In  the  writings  of  M.  Camille 
Dareste  on  the  production  of  anomalous  forms,  a  number  of  curious 
and  interesting  observations  on  teratogeny  have  been  recorded.  Bat 
notwithstanding  these  and  other  contributions  to  this  department  of 
biological  work,  an  exposition  of  the  various  forms  of  anomalies,  and 
of  the  probable  causes  of  their  production,  in  a  volume  of  convenient 
size,  and  with  a  proper  amount  of  illustration,  was  a  desideratum. 

In  the  compact  volume  of  552  pages,  the  title  of  which  heads  this 
notice,  M.  Guinard  has  supplied  this  want,  and  M.  Dareste,  in  the 
preface  which  he  has  written,  has  given  it  the  stamp  of  his  approval. 
In  the  earlier  chapters  of  the  work  general  questions  are  discussed, 
connected  with  such  subjects  as  the  causes  of  anomalies,  the  artificial 
production  of  monsters,  general  conditions  affecting  the  production  of 
monsters,  probable  explanations  of  the  formation  of  the  piincipal 
monstrosities,  the  laws  of  variation  and  of  abnormal  development,  the 
limit  and  frequency  of  anomalies,  the  importance  and  the  relations  of 
teratology  to  the  biological  and  medical  sciences.  A  chapter  is  then 
written  on  the  classification  of  anomalies  and  monstrosities,  at  the 
end  of  which  the  author  intimates  that  he  adopts  almost  exactly  the 
great  divisions  of  Is.  Geoffrey  Saint  Hilaire,  with  a  modification  in 
the  branch  of  the  simple  anomalies. 

M.  Guinard  next  proceeds  to  the  consideration  of  the  simple 
anomalies,  and  explains  and  illustrates  the  most  important  of  those 
which  aflfect  the  several  organic  systems.  This  is  followed  by  an 
excellent  chapter  on  the  several  kinds  of  hermaphroditism,  and  a 
short  chapter  on  heterotaxy,  or  transposition  of  the  viscera.    A  descrip- 
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tion  of  the  various  forms  of  moiisters,  and  the  origin  and  the  conditions 
of  formation  of  compound  monsters,  constitutes  about  one-third  of  the 
volume,  which  we  may  say  is  plentifully  illustrated  with  272  figures 
intercalated  in  the  text  We  can  cordially  indorse  the  opinion 
expressed  by  M.  Dareste,  that  the  book  will  be  of  great  service  to 
those  who,  for  one  reason  or  another,  occupy  themselves  with  the 
study  of  anomalies  and  monstrosities. 


£lSments  d'Anatomie  Comparee.     Par  Ri^my  Perrier.      Paris  :   J.  B. 

Bailli^re  &  Fils,  1892. 

In  a  substantial  volume  of  1208  pages,  illustrated  with  651  figures  in 
the  text  and  S  coloured  plates,  and  at  the  moderate  price  of  16s.,  M. 
Remy  Perrier  has  produced  a  text-book  on  the  Elements  of  Com- 
parative Anatomy.  In  the  general  plan  of  arrangement  the  author 
has  to  a  large  extent  followed  the  anatomical  and  not  the  zoological 
method,  the  systems  of  organs  being  described  and  studied  in  the 
variations  which  they  exhibit  in  the  animal  series.  The  work  is 
Avritten  from  the  point  of  view  of  the  doctrine  of  evolution,  and  the 
earlier  pages  are  explanatory  of  the  principles  which  have  guided  the 
author  in  the  preparation  of  his  work.  He  attaches  himself  to  the 
school  of  the  Neo-Lamarkians  rather  than  to  the  Darwinists,  in  the 
more  restricted  sense  in  which  the  latter  term  is  now  employed  ;  for 
he  is  convinced  that  the  influence  of  the  environment  is  the  essential 
cause  of  the  transformation  of  living  beings,  and  that  natural  selection 
only  intervenes  secondarily  to  fix  and  limit  the  species. 

In  the  descriptive  part  of  the  work  a  tabular  view  of  the  classifica- 
tion of  the  group  precedes  the  account  of  the  organs.  Especial  pro- 
minence is  given  to  the  Vertebrata,  the  description  of  the  anatomy 
of  which  occupies  the  last  400  pages  of  the  volume.  The  work  is 
clearly  written,  and  amply  illustrated,  and  provides  the  student  with 
an  excellent  resum^  of  the  subject. 


Human  Embryology.      By  Charles   Sedgwick  Minot.      New  York  : 

William  Wood  &  Co.,  1892. 

By  the  publication  during  the  last  few  yeara  of  several  articles  in  the 
Proceedings  of  the  Boston  Society  of  Natural  History  and  other 
American  serials.  Professor  Minot  of  Harvard  University  has  made 
himself  known  as  a  good  observer,  and  an  acute  and  intelligent 
thinker  on  many  biological  problems.  The  text-book  on  Human 
Embryology,  published  in  the  autumn  of  last  year,  will  add  to  his 
reputation,  both  as  an  observer  and  an  independent  critic,  though 
we  cannot  at  all  times  side  with  his  conclusions.  In  this  hand- 
some volume   he  deals   both    with   the   facts   of  development  and 
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Btnictiire,  and  analyses  with  much  vigour  the  modem  theories  aod 
hypotheses  which  have  been  advanced  in  explanation  of  such  general 
questions  as  the  evolution  of  sex,  heredity,  differentiation ;  as  well  as 
the  more  special  embryological  questions  involved  in  the  considera- 
tion of  segmentation,  the  production  of  the  germ-layers,  and  the 
formation  of  the  tissues  and  organs  of  the  body  out  of  those  layen. 
The  book  gives  ample  evidence  of  research  on  the  part  of  the  authcv, 
both  literary  and  observational.  The  alphabetical  list  of  references 
at  the  end  of  the  volume  shows  the  wide  range  of  his  reading,  and 
the  chapters  in  which  he  describes  the  known  human  ova  of  the 
second  and  third  weeks,  and  the  growth  and  external  development  of 
the  foetus,  afford  proof  of  his  capacity  to  arrange  in  logical  order 
material  collected  from  a  veiriety  of  sources.  The  extent  of  the 
author's  own  investigations  is  to  be  measured  both  by  the  descrip- 
tions in  the  text  and  the  numerous  original  drawings  which  are 
intercalated  in  it.  In  its  illustrations,  four  hundred  and  sixty-three 
in  number  and  in  its  typography,  this  treatise  is  most  creditable  to 
the  American  press. 


j^mumal  of  ^natom^  anti  ll^^iolo^. 


LAW  OF  TRANSVERSE  VIBRATIONS  OF  STRINGS 
APPLIED  TO  THE  HUMAN  LARYNX.  By  Robert 
H.  Woods,  M.B.,  JDevwnatrator  of  Anatomy  in  the  Uni- 
versity of  Dublin,  and  Tftroat  Surgeon  to  the  Richmond 
Hospital,  Dublin. 

(Read  before  the  Anatomical  and  Physiological  Section  of  the  Royal  Academy  of 

Medicine  in  Ireland,  March  16,  1898.) 

It  has  frequently  been  attempted  to  compare  the  voice  to  one 
or  other  of  the  orchestral  instruments,  but  no  single  instrument 
has  been  made  to  work  on  quite  its  principle. 

In  general  it  may  be  said  that  the  voice  depends  for  its 
production  on  the  emission  of  a  number  of  very  rapidly- 
succeeding  puffs  of  air  causing  disturbances  at  their  place  of 
origin,  which  disturbances  are  transmitted  as  vibrations,  the 
number  of  puffs  determining  the  number  of  vibrations  per 
second,  and  so  the  pitch  of  the  note. 

Thus  far  the  voice  acts  in  exactly  the  same  way  as  a  reed- 
instrument,  but  here  the  analogy  ceases.  Reed  instruments  are 
of  two  kinds, — those  in  which  the  reed  has  no  definite  rate  of 
vibration  of  its  own,  the  rate  being  determined  by  the  length  of 
a  resonance  apparatus,  as  e,g.  the  bassoon ;  and  those  in  which 
the  rate  of  vibration  of  the  reed  is  its  own  property,  and  is 
independent  of  a  resonance  apparatus,  as  e.g.  a  concertina  or  an 
American  organ. 

The  voice  has  with  the  former  variety  nothing  in  common. 
It  differs  from  the  latter  in  the  following  particulars : — 

(a)  The  disturbances  are  caused  by  the  free  margins  of  two 
elastic  membranes  mutually  vibrating  the  one  against  the  other, 
instead  of  by  the  vibrations  of  a  metallic  tongue  against  a  fixed 
plate. 
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(b)  The  variations  in  pitch  are  produced  by  modifications  m 
the  conditions  of  the  membranes,  instead  of  by  a  separate 
apparatus  for  each  note. 

(c)  In  the  reed  the  rate  of  vibration  is  determined  by  the 
mass  of  the  tongue  and  the  strength  of  the  spring,  while  in  the 
voice  it  is  controlled  by  the  tension  on  the  membranes  and  some 
other  elements  which  we  shall  presently  discuss. 

The  note  then,  emitted  by  the  voice  depends  finally  for  its 
pitch  on  the  rate  of  vibration  of  the  two  chords  the  ends  of 
which  are  fixed,  and  the  centre  of  which  is  free  as  far  as  trans- 
verse movement  in  the  vertical  or  nearly  vertical  direction — the 
only  one  which  concerns  us — is  concerned.  Let  us  then  con- 
sider in  what  way  this  rate  is  influenced. 

Since  the  chords  vibrate  as  if  they  were  strings,  they  must 
vibrate  in  obedience  to  the  law  governing  the  transverse  vibra- 
tions of  strings. 

The  law  may  be  written — 


n 


=  i    /I 
2ZV  m' 


where  n  is  the  number  of  vibrations  per  second,  or,  in  other 
words,  the  pitch  of  the  note,  I  the  length  of  the  vibrating  string, 
t  the  tension,  and  m  the  mass  per  unit  of  length. 

In  comparing  two  pairs  of  vocal  chords  of  diflferent  lengths, 
the  mean  pitch  of  the  notes  produced  by  the  longer  pair  is  in 
general  lower  than  that  of  the  shorter  pair,  because,  as  seen  from 
the  equation,  the  pitch  varies  inversely  as  the  length.  This 
is  the  principal  cause  of  the  difference  in  pitch  between  a 
man's  voice  and  that  of  a  woman  or  child,  and  is  too  obvious  to 
need  further  comment. 

When  considering  a  single  larynx,  I  may  be  regarded  as 
constant.  This,  of  course,  is  not  strictly  true,  because,  when  the 
tension  of  the  chords  is  raised,  their  elasticity  allows  them  to 
yield  and  become  slightly  elongated ;  but,  for  practical  purposes, 
the  length  may  be  regarded  as  constant.  Eliminating  this 
factor,  then,  we  have — 

n  oc  V"-  • 
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Let  us  firsfc  attend  to  the  iuflaence  of  the  tension.  This  is 
one  of  the  most  important  factors  in  the  variation  of  the  pitch 
— ^in  fact,  so  far  as  I  know,  the  only  hitherto  accredited  factor. 

Supposing  the  mass  to  be  constant  then,  it  follows  that  the 
tension  required  by  the  vocal  chords,  in  order  that  they  may 
emit  a  note  an  octave  above  a  given  one,  is  not  in  proportion  to 
its  rate  of  vibration  with  regard  to  the  fundamental  note  which 
is  as  2 : 1,  but  in  the  square  of  that  ratio,  or  as  4 : 1.  Hence  the 
tension  required  in  the  vocal  chords  in  order  that  they  may 
emit  a  note  two  oc^taves  above  a  given  one — that  is  to  say,  of 
four  times  its  rate  of  vibration — will  be  sixteen  times  the  tension 
for  the  fundamental  note ;  and  if  the  third  octave  could  be  com- 
pleted, the  tension  would  have  to  be  sixty-four  times  as  great. 
The  exertion  required  to  produce  these  tensions  will  be  approxi- 
mately in  the  same  ratio.  This  is  the  reason  why  the  compass 
of  the  voice,  no  matter  what  its  mean  pitch  may  be,  is  so  very 
nearly  constant,  beiug  only  exceptionally  very  much  above  two 
octaves,  and  is  also  the  cause  of  the  suddenness  of  its  limitation. 

The  rapidity  with  which  the  voice  gets  tired  when  singing 
without  frequent  rests,  even  moderately  high  up  its  register,  is 
at  once  clear  when  considered  in  this  light. 

The  difficulty  experienced  even  by  trained  singers  of  singing 
piano  near  the  top  of  the  register  has  here  an  explanation. 
The  magnitude  of  the  tension  in  the  chords  renders  an  unusually 
violent  expiratory  effort  necessary  in  order  to  open  the  glottis, 
and  so  loudness  is  with  difficulty  avoidable. 

This  enormous  and  disproportionate  rate  of  increase  of  the 
required  tension  must,  if  it  alone  modify  the  pitch,  put  a  limit 
very  shortly  on  the  compass ;  and  it  is  difficult  to  conceive  how 
the  voice  could  reach  even  up  to  much  less  beyond  the  second 
octave  if  the  alteration  in  tension  were  the  only  modifying  factor. 
We  must  therefore  look  for  another,  and  our  attention  is  attracted 
to  m — the  mass  per  unit  length. 

It  has  long  been  observed  that  chords  with  thick  rounded 
edges  accompany  deep  voices,  other  things  being  equal,  and 
thin,  sharp-margined  chords  high  one&  This  has  been  explained 
as  follows : — A  thick  chord  means  greater  development  of  the 
thyro-arytaenoidei,  and  consequently  less  tension  of  the  chords 
by  more  perfect  opposition  to  the  action  of  the  crico-thyroid, 
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and,  as  a  result  of  the  lower  teusion,  a  lower  pitch.  This 
explanation  leaves  entirely  out  of  oount  the  mass  of  the  yihrat- 
ing  chord — a  factor  which  must  enter  and  make  itself  felt 
Now  the  thyro-arytsenoideus  intemus,  by  wliich  the  shape  of 
the  chord  is  principally  affected,  is  a  feeble  one  in  compansou 
with  the  extemus,  and  the  modifying  effect  of  differences  in  its 
development  on  the  total  effect  of  both  muscles  would,  under 
any  circumstances,  be  negligible,  and  is  certainly  not  sufficient 
to  explain  the  difference  in  pitch  between  a  thick  and  a  diiQ 
chord  on  the  assumption  of  its  mere  interference  with  the 
tension.  Hence,  I  think  it  is  much  more  rational  to  put  its 
effect  on  the  pitch  down  to  the  score  of  its  mass,  rather  than  its 
opposition  to  the  crico-thyroid. 

But  a  stronger  argument  against  the  theory  is  found  in  ih^ 
fact  that  it  runs  immediately  external  to,  and  in  very  close 
connection  with,  the  vocal  chord,  and  must  be  looked  upon  as 
part  and  parcel  of  the  vibrating  chord  itself ;  and  consequently 
its  contraction,  instead  of  lowering  the  tension  of  the  chord, 
must  raise  it  Clinical  observation  favours  this  view ;  for  when 
the  muscle  is  paralysed,  the  pitch  of  the  voice,  instead  of  rising, 
becomes  lowered,  which  certainly  could  not  happen  if  the  muscle 
were  an  opponent,  pure  and  simple,  of  the  crico-thyroid. 

Again,  if  force  additional  to  that  of  the  thyro-arytaenoideos 
externus  were  required  to  oppose  the  crico-thyroid,  which  seems 
anything  but  likely,  why  should  the  muscle-fibres  be  laid  down 
in  the  true  vocal  chord,  whose  function,  on  this  assumption,  ought 
not  to  be  contractile,  but  purely  vibratory,  and  when  by  their 
disposition  on  a  higher  level  their  moment  round  the  crico- 
thyroid joints,  and  therefore  their  efficiency,  would  be  greater  ? 
These  considerations  are  entirely  against  the  pure  opposition  of 
the  thjTo-ary tsenoideus  internus  to  the  crico-thyroid,  and  lead  us 
to  the  belief  that  the  theory  was  invented  as  a  loose  way  of  ex- 
plaining as  cause  and  effect  two  conditions  which  were  known 
to  be  associated. 

Why,  then,  does  the  muscle  run  in  the  substance  of  the  diord  ? 
The  reason  is  that  the  vibrating  mass  of  the  chord  is  not  a  con- 
stant quantity,  but  is  determined  by  the  thyro-aiytsanoideos 
internus.  For  when  the  muscle  contracts,  it  not  only  raises  the 
tension,  but  also,  by  means  of  its  vertical  fibres,  fixes  the  base 
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or  outer  region  of  the  chord,  leaving  merely  the  edge  free  to 
vibrate ;  and  thus,  by  the  twofold  action  of  increasing  the  tension 
and  reducing  the  mass,  raises  the  pitch  of  the  note,  and  con- 
versely, when  quite  relaxed,  it  leaves  the  outer  part  of  the 
chord,  of  which  it  is  a  constituent,  free  to  vibrate,  and  by  in- 
creasing the  mass,  as  well  as  diminishing  the  tension  of  the 
chord,  lowers  the  note.  This  can  be  observed  clinically.  The 
disturbance  of  the  chords  during  the  production  of  a  low  note  is 
seen  by  the  laryngoscope  to  extend  much  further  out  than  during 
the  production  of  a  high  one. 

The  vertically-running  outer  fibres  of  the  thyro-arytsenoideus 
intemus,  for  whose  existence  a  plausible  apology  has  been  so 
long  wanting,  will  thus  be  seen  to  have  a  veiy  important  func- 
tion. 

The  depth  of  the  voice  in  laryngitis,  and  occasionally  in  other 
diseases — as,  for  instance,  tertiary  syphilis — affecting  this  part, 
is  explained  by  the  formula.  The  injection  and  swelling  of  the 
chord  increases  the  mass  and  lowers  the  note. 

No  notice  has  here  been  taken  of  the  falsetto  voice,  but  it 
may  be  mentioned  that  the  shortness  of  the  vibrating  chords  and 
the  narrowness  of  the  area  of  disturbance  appear  to  be  more  con- 
cerned in  causing  its  high  pitch  than  the  tension. 


ON  CERTAIN  EARLY  MALFORMATIONS  OF  THE 
EMBRYO.  By  Bertram  C.  A.  Windle,  D.Sc.,  M.D., 
M.A.,  Professor  of  Anatomy  in  Mason  CoUege,  Binning^ 
harru 

For  some  years  I  have  been  engaged  in  the  study  of  the  earlier 
malformations  produced  by  various  methods  of  disturbing  the 
process  of  incubation  in  hens'  eggs.  A  preliminary  note  on  this 
subject  was  published  in  the  Proceedings  of  the  Birmingham 
Philosophical  Society  (40],  the  researches  having  been  Ciirried 
out  with  the  aid  of  a  grant  from  the  Endowment  of  Research 
Fund  of  that  Society.  In  the  present  communication,  it  is  my 
intention  to  give  an  account  of  some  of  the  early  malformations 
of  the  human  embryo,  and  to  examine  them  in  the  light  of  the 
results  obtained  by  artificial  teratogeny.  In  doing  this,  I  pro- 
pose first  to  describe  the  more  important  recently  described 
human  cases,  and  then  to  discuss  the  experimental  evidence 
with  its  bearing  upon  the  instances  in  point. 

Section  I. — Early  Malformations  of  the  Human 

Embryo. 

It  has  long  been  recognised  that  early  human  ova  when 
opened  may  exhibit  either  an  apparent  or  real  absence  of  any 
contained  embryo,  or  a  more  or  less  ill-shaped,  nodular,  or 
cylindrical  mass  representing  the  product  of  generation. 
Although  these  conditions  have  been  recognised,  it  is  only 
recently  that  careful  inquiry  has  been  directed  into  the  nature 
and  causes  of  the  malformations,  and  an  accurate  microscopical 
examination  made.  In  his  great  work  on  the  human  embiyo, 
His  examined  a  number  of  these  malformed  cases,  and  classified 
them  (20)  into  Nodular,  Atrophic,  and  Cylindrical  groups,  a 
division  which  he  uses  also  in  a  most  suggestive  paper  (21),  to 
which  I  shall  have  to  allude  more  fully  at  a  later  period.  This 
classification  was,  however,  avowedly  based  only  upon  external 
characteristics,  which,  as  will  shortly  appear,  are  or  may  be 
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highly  misleading,  since  the  outer  form  affords  scanty  informa- 
tion in  the  less  developed  cases  of  the  condition  of  the  internal 
organa  Qiacomini,  who  has  studied  carefully  some  of  these 
forms  with  the  aid  of  an  exhaustive  microscopic  examination, 
proposes  a  classification  founded  upon  the  characters  thus 
revealed.  He  divides  them  (14)  into  Nodular  embryos,  which 
are  those  in  which  microscopic  examination  reveals  no  trace  of 
organs ;  and  Atrophic  embryos,  in  which  the  organs,  or  some  of 
them,  though  profoundly  altered,  are  still  recognisable.  Acting 
in  the  main  upon  this  classification,  it  will  be  convenient  here 
to  give  a  brief  account  of  some  recently  described  cases.  Before 
doing  so,  it  will  be  necessary  to  note  two  points.  (1)  There  is  a 
group  of  vesicular  forms,  the  exact  position  of  which  is  difficult 
to  be  ascertained.  Such  vesicular  formations  in  the  interior  of 
the  chorion  have  been  described  as  normal  embryos  at  an  early 
period  of  development  (Reichert),  as  monstrous  embryos  (His), 
or  as  productions  of  the  chorion  (Qiacomini,  Chiarugi).  I  have, 
therefore,  thought  it  better  to  place  them  in  a  class  by  them- 
selves provisionally.  (2)  It  is  evident  that  in  the  remaining 
groups  there  must  be  many  cases  the  classification  of  which  is 
doubtful,  since  it  is  difficult  to  say  whether  the  organs  are  com- 
pletely unrecognisable  or  not.  Giacomini  goes  so  far  as  to  say 
that  a  nodular  embryo  described  by  him  is  the  unique  example 
of  that  class  so  far  recorded.  I  have  ventured  to  include  two 
others  with  this  in  the  following  list. 

Early  Malformed  Human  Embryos. 

A.  Vesicular. — 1.  Reichert  (32)  described  a  very  young 
human  ovum  without  embryo,  which  was  provided  on  the 
exterior  with  a  chorion  and  villi  He  regarded  it  as  being  a 
normal  embryo  of  very  early  age,  but  Koiliker  (23)  is  doubtful 
on  this  point,  since  the  villi  are  not  formed  until  after  the 
amnion,  and  therefore  the  embryo,  has  developed. 

2.  Giacomini  (14).  An  ovum  at  the  end  of  the  first  month, 
provided  with  villi,  containing  a  small  distended  vesicle  in  its 
interior.  On  microscopic  examination,  this  was  found  to  con- 
sist of  two  strata,  viz.,  externally  of  connective  tissue,  aud 
internally  of  a  single  stratum  of  flattened  epithelial  cells.    The 
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author  considers  this  to  be  a  pathological  production  of  the 
chorion. 

3.  Qiacomini  (15).  2|  months.  A  small  amniotic  veside,  in 
which  the  product  had  entirely  disappeared,  from  defect  d 
development. 

4.  Qiacomini  (19).  Ist  month.  Ovum  covered  with  villi, 
and  containing  no  trace  of  embryo. 

5.  Lachi  (25).  Ovum  of  1-2  month.  Chorion  covered  with 
villi,  and  containing  two  small  vesiclea  The  author  believes 
the  atrophied  embryo  to  have  been  represented  only  by  its 
umbilical  vesicle. 

6.  Chiarugi  (4).  A  biiobed  vesicle,  one  portion  of  whidi 
might  be  considered  as  an  embryo  much  atrophied.  In  a  note 
to  another  paper  (5)  the  author  states  that  Qiacomini  (14)  has 
described  a  case  similar  to  this,  which  he  regards  as  a  patho- 
logical formation.  To  this  view  Chiarugi  gives  his  adherence, 
and  believes  his  case  to  bear  a  similar  interpretation. 

B.  Nodular, — 1.  Qiacomini  (18).  Ovum  of  the  second  week, 
containing  inside  the  chorion  a  small  punctiform  reddish  body. 
There  were  no  traces  of  blood-vessels  in  the  chorion.  There 
was  a  small  solid  body  attached,  which  he  regards  as  a  unique 
instance  of  a  nodular  embryo.  It  contained  no  round  cells  such 
as  are  found  in  the  atrophic  forms.  The  explanation  of  this 
will  be  given  in  another  place. 

2.  Yalcuti  (38).  A  two  month  vesicular  formation  contain* 
ing  masses  of  cells,  but  no  traces  of  embryonic  organa  The 
author  is  doubtful  whether  these  cells  represent  an  embryo  or 
not,  and  perhaps  the  case  may  belong  to  the  first  categoiy 
rather  than  to  that  in  which  it  has  been  placed. 

3.  Bomiti  (33).  An  oval  vesicle  covered  with  villi,  and  con- 
taining in  its  interior  a  small  curved  embryo.  On  microscopic 
examination,  no  traces  of  organs  were  discoverable,  but  two 
masses  of  cells  at  the  extremity,  supposed  to  be  cephalic,  might 
represent  the  optic  vesicles,  in  which  case  the  form  would  belong 
to  the  atrophic  category.  Many  deeply  staining  cells  were 
visible  in  the  embryo. 

C.  Atrophic. — 1.  Qiacomini  (14).  Ovum  at  the  commence- 
ment of  the  2ud  month.  Microscopic  examination  showed  the 
existence  of  a  completely  disorganised  medullary  canal  and 
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cerebral  vesicles.  There  were  no  traces  of  blood-vessels  in  the 
cord  or  in  the  embryo,  which  latter  contained  masses  of  round 
cells. 

2.  Giacomini  (17).  A  pyriform  human  embryo,  resembling 
to  the  naked  eye  a  very  small  rod-like  tubercle,  divided  by  two 
sulci  into  three  dilatations.  The  anterior  and  largest  of  these 
consisted  of  lymphoid  cells  and  spaces  containing  epithelium 
(?  nerve  tube).  The  middle  consisted  of  round  cells,  and  the 
posterior  was  a  vesicle  with  broken  down  contents  (?  an 
appendage  of  the  umbilical  cord).  In  the  amnion  there  were 
traces  of  vessels  as  masses  of  deeply  staining  nuclei  He  notes 
the  close  resemblance  between  this  atrophic  embryo  and  those 
artificially  obtained  in  the  rabbit  (13). 

3.  Giacomini  (16).  Tubal  pregnancy  of  about  two  months. 
Corsifited  of  a  free  cephalic  aud  attached  caudal  extremities, 
and  was  reduced  to  a  shapeless  tubercle.  The  greatest  volume 
of  nervous  system  was  observed  in  the  cephalic  extremity,  but 
there  was  no  trace  of  optic  or  auditory  vesicles,  nor  of  blood- 
vessels nor  heart.  (Note. — Lawson  Tait  (36)  quotes  a  case  of  so- 
called  ovarian  pregnancy  from  Puech,  in  which,  in  a  cyst  of  the 
ovary,  there  was  a  villous  body,  which  on  incision  showed  in  its 
interior  a  cavity  distended  by  a  clear  fluid,  and  in  the  fluid 
floated  an  embryo,  in  the  form  of  a  vermiform  body,  1  mm.  long, 
curved  in  the  middle  and  swollen  at  one  extremity.  It  was 
enveloped  in  an  excessively  delicate  membrane,  by  which  it  was 
fixed  to  the  presumed  chorion.  Mr  Tait  adds,  "Of  course,  the 
whole  conclusion  in  this  case  depends  upon  the  assumption  that 
this  vermiform  body,  only  1  mm.  long,  was  an  embryo.  It  may 
have  been  one,  but  there  certainly  is  no  proof  advanced  in  &vour 
of  this  view ;  and  although  I  am  by  no  means  prepared  to  deny 
its  accuracy,  I  am  certainly  very  doubtful  about  it.  If  it  was 
an  embryo,  it  could  only  have  been  one  of  a  few  hours'  exist- 
ence/' The  case  just  cited  seems  to  show  that  this  may  well 
have  been  an  atrophic  embryo,  and  of  much  greater  age  than 
Tait  is  prepared  to  allow.) 

4.  Chiarugi  (6).  A  two  months  embryo,  with  an  amniotic 
sac,  and  a  caruncle  representing  an  embryo  possessed  of  a  rudi- 
mentary umbilical  vesicle.  Microscopic  examination  showed 
traces  of  a  medullary  canal  aud  a  rudimentary  heart.    Masses 
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of  deeply-staiuing  round  cells  infiltrated  the  embrya  The 
author  regards  the  specimen  as  one  of  an  atrophic  embryo  of  an 
exceedingly  advanced  stage. 

5.  Giacomini  (15).  Ovum  of  two  months,  containing  a 
slightly  curved  tubercle  with  an  umbilical  cord.  The  embryo 
showed  externally  crystalline  lenses,  the  first  pair  of  branchial 
arches,  a  tail,  but  no  limbs.  On  microscopic  examination,  the 
medullary  canal  was  visible,  but  no  optic  vesicles,  two  aortse, 
with  traces  of  blood-corpuscles.  There  were  no  traces  of  blood- 
vessels in  the  cord. 

6.  Kollmann  (24).  An  embryo  with  hydrops  of  the  coelom, 
small  ectopic  heart,  atresic  veins  and  arteries  of  the  heart,  no 
blood-vessels  on  the  yolk-sac,  deficient  development  of  the 
branchial  arches  and  inferior  extremities. 

7.  Eollmann  (24).  Embryo  with  partial  ectopia  of  the  heart, 
arrested  development  of  head,  eyes,  nose,  and  branchial  archea 
No  upper  extremities.  Blood-vessels  very  sparse,  and  none  in 
the  yolk-saa 

8.  Phisalix  (30).  Embryo  of  six  weeks,  the  shape  of  which 
was  fairly  evident.  He  sums  up  his  description  by  saying  that 
it  exhibited  "  troubles  of  secretion  between  the  chorion  and 
amnion,  with  adhesions  of  the  latter  to  the  former  and  to  the 
umbilical  vesicle,  absence  of  liquor  amuii,  stripping-ofF  of  the 
ectoderm,  disappearance  of  the  medullary  canal,  with  foldings  of 
its  walls  and  alterations  of  the  nervous  elements,  absence  of 
nerve  ganglia,  absence  of  the  Wolffian  duct  at  its  lower  end,  and 
general  alteration  of  the  epithelia.  He  especially  notes  that  the 
epithelia  are  the  tissues  most  readily  affected  by  pathological 
processes. 

9.  His  (21).  A  malformed  embryo,  in  which  the  nervous 
tube  was  distinguished  by  its  being  particularly  swollen. 
Several  of  the  organs  were  distinguishable,  but  these  organs  and 
the  cavities  of  the  body  were  infiltrated  with  numerous  small 
round  cells,  with  deeply -staining  nuclei.  The  author  concludes 
with  regard  to  these  and  similar  forms,  that 

(1)  Embryos  which  for  any  reason  are  arrested  in  their 
development,  can,  without  completely  degenerating  or  being 
absorbed,  remain  for  weeks  or  even  months  within  the  mem- 
branes. 
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(2)  The  first  changes  in  dead  embryos  consist  in  a  marked 
swelling  of  the  nervous  system,  as  a  consequence  of  which  more 
or  less  remarkable  transformations  of  the  head  appear. 

(3)  Very  soon  afterwards,  there  takes  place  an  infiltration  of 
the  tissues  with  small  wandering  cells.  The  original  limits  of 
the  organs  are  thus  obliterated :  the  cells  of  the  organs  may 
remain  for  a  long  time,  but  appear  finally  to  degenerate 

4.  The  externally  visible  consequences  of  these  events  are 
turbidity  and  whiteness  of  the  embryo,  and  loss  of  definiteness 
of  the  original  surface-markings. 

With  regard  to  these  cases  the  most  important  points  to  be 
noticed  in  the  present  connection  are  (1)  the  absence  of  blood- 
vessels or  their  diminution  in  size  (B.  1,  C.  1,  3,  5,  6,  7). 

(2)  Infiltration  of  the  tissues  with  small  round  deeply-staining 
cells  (B.  2,  3,  C.  2,  4,  9).  Both  of  these  points  will  appear 
significant  in  connection  with  the  observations  made  in  artificial 
teratogeny,  which  it  will  next  be  necessary  to  discuss. 

Section  II. — Early  Malformations  Artifically 

Produced. 

Many  observers  have  noted  that  it  is  possible  to  produce 
alterations  in  the  area  vasculosa,  with  consequent  effects  upon 
the  embryo,  by  interfering  with  the  process  of  incubation. 
Amongst  these  the  work  of  Pauum  and  Dareste  first  calls  for 
notice.  Panum  (28),  who  lays  especial  stress  upon  the  import- 
ance of  examining  early  malformations  of  the  embryo,  gave  in 
1862  a  careful  description  of  the  conditions  which  he  had 
observed.  Many  of  these  are  associated  with  more  or  less 
defective  forms  of  the  area  vasculosa,  coupled  with  deficient 
development  of  the  embryo.  A  group  called  by  him  defective 
area  vasculosa  formations  shows  scanty  blood- islands,  without 
sinus  terminalis.  There  is  generally  no  trace  of  embryo,  or  it  is 
only  represented  by  a  heaped-up  mass  of  cells.  He  believes 
that  the  abnormal  development  of  the  embryo  is  associated  with 
and  caused  by  that  of  the  area  vasculosa,  and  concludes — (1) 
That  the  development  of  the  embryo  is  not  alwajs  brought 
completely  to  a  standstill  by  a  primary  disturbance  of  the 
nourishment  and  of   the  area  vasculosa,  but   that  it  can  still 
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proceed  even  if  the  development  of  that  part  is  deranged.  (2) 
That  the  disturbed  development  of  the  vascular  area  is  anta- 
gonistic to  the  normal  development  of  the  embryo,  and  prodnoes 
malformations  of  the  same.  It  shonld  be  mentioned  that  in 
another  paper  (29)  the  same  author  alludes  to  some  of  these 
changes,  describing  alterations  in  the  embryo  previous  to  the 
formation  of  the  blood-vessels,  which  he  calls  parenchymatous 
inflammation,  and  others  subsequent  to  their  development,  which 
he  terms  embryonic  inflammation.  In  either  of  these  cases  he 
says  the  results  are  the  same,  viis.,  (1)  abortive  atrophy,  or  (2) 
heterologous  agglutination.  It  is,  however,  obvious  that  the 
term  "  inflammation  *'  cannot  be  accurately  applied  to  the 
changes  which  he  describes. 

As  early  as  1883,  Dareste  (7)  stated  his  opinion  as  to  the 
malformations  now  under  consideration.  In  the  earliest  times 
of  embryonic  life,  he  says,  the  embryo  perishes  through  a 
peculiar  anaemia  of  which  I  have  described  the  mechanism. 
When  au  arrest  of  development  attacks  the  islands  of  Wolff,  the 
blood-corpuscles  which  are  developed  in  their  cavities  cannot 
penetrate  the  circulatory  apparatus.  The  blood,  deprived  of 
globules,  causes  more  or  less  oedema  of  the  embryonic  tissues, 
and,  as  a  consequence,  their  disorganisation.  These  views 
respecting  the  connection  of  deficient  blood-formation  with 
oedema  are  supported  by  Wemitz  (39),  who  believes  that,  as  a 
consequence  of  such  a  defect,  a  general  anaemia  of  the  embryo 
may  be  produced  with  subsequent  hydrops.  In  the  last  edidon 
of  his  classical  work  (8)  Dareste  develops  the  views  above 
stated  still  further.  In  the  account  there  given,  he  first  shows 
that  the  simplest  modification  of  the  blastoderm  is  the  forma- 
tion of  an  elliptical  instead  of  a  circular  figure.  This  is 
occasioned  by  so  arranging  the  egg  in  an  open  incubator  that 
its  highest  point  and  the  point  of  contact  with  the  source  of 
heat  do  not  coincide.  This  malformation  is  not  in  itself  of 
much  importance,  save  in  so  far  as  it  serves  as  a  simple  example 
of  a  malformation  of  the  annexes  of  the  embryo,  and  the  only 
one,  according  to  the  author  in  question,  which  can  al¥ray8  be 
produced  by  a  definite  and  distinct  procedure.  The  more 
important  deviations  from  the  normal  consist  in  a  defective 
formation  of    the  area  vasculosa,  with  isolation  of   the  blood- 
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islands  from  absence  of  aoaBtomotic  commumcations,  and  their 
consequent  failure  to  communicate  with  the  interior  of  the 
embryo.  Hence  the  fluid  circulating  in  the  blood-vessels  of  the 
embryo  is  colourless.  As  a  consequence  of  these  circumstances, 
dropsy  of  the  embryo  takes  place,  with  its  subsequent  degenera- 
tion, either  total  or  into  an  amorphous  mass. 

The  nature  of  this  class  of  early  malformation  having  been 
noted,  it  is  next  important  to  observe  that  these  identical  mal- 
formations of  the  area  vasculosa  and  embryo  are  amongst  the 
most  common  results  following  upon  any  of  the  various  methods 
of  disturbing  development  hitherto  practised.  The  following 
observations  wilt  render  this  point  clear : — 

A.   Vamiahing  the  Egg. — Varnishing  or  otherwise  covering 
the  shell  either  completely  or  in  part  with  a  coating  imperme- 
able to  air,  is  a  proceeding  which  has  been  practised  by  various 
investigators.     Amongst  others,  it  has  been  tried  by  Pauum, 
Dareste,    and    Qerlach    and    Koch    (12),   the    last-mentioned 
stating  that  the  decrease  of  oxygen  causes  dwarfing  of  the 
embryo  with   delay  of  ontogenesis.     This  proceeding,  accord- 
ing  to  Tarulli   (37),  not    only  hinders  respiration,  but  also 
affects  pressure  and    temperature.    The  air-chamber  regulates 
pressure,  and  the  surface  of  evaporation  regulates  temperature. 
It  ia  only  when   these  two   conditions  are  naturally  fulfilled 
that  respiration  can  remain  normal.    It  is  uimecessary  to  enter 
fully  into  the  observations  of  different  experimenters,  aod  I 
shall  only   briefly   summarise    my  own    results,  of    which    a 
sufficiently  full  account  has  already  appeared.     The  incubator 
used  iu  these  and  the  other  experiments  was  at  first  the  ordinary 
bacteriological  form,  furnished  with  ventilators  and  water-dish, 
and    the   temperature    was    regulated  by   Dr    NicoFs    useful 
modification  of  the  mercurial  thermostat.     Subsequently  I  used 
one  of  Hearson's  Champion  Incubators,  with  which  I  have  had 
every  reason  to  be  satisfied.    The  eggs  were  coated  with  an 
impervious  varnish,  the  position  and  size  of  the  uncovered  patch 
being  varied  in  different  experiments.     Sometimes  it  was  placed 
at  the  vertex,  sometimes  below ;  sometimes  at  the  blunt  end,  at 
others  at  the  sharp.     I  have  lefb  two  or  more  small  patches 
uncovered  and  have  varied  the  shape  of  the  patch,  but  the 
results  obtained  do  not  seem  to  have  been  appreciably  affected 


444  DR  BERTRAM  C.  A.  WINDLE. 

by  these  chaDges.     The  abaormalities  with  which  I  am  cod- 
cerned  in  this  paper  being  those  of  the  area  vasculosa,  I  shall 
not  at  present  deal  with  any  others.    I  divide  these  into  two 
classes — (1)   irregular    area    vasculosa,    without    any    evident 
embryo ;  (2)  irregular  area  vasculosa,  with   a  more  or   less  ill- 
formed  embryo,  or  an  amorphous  mass  representing  the  embrya 
In  both  these  classes  the  area  vasculosa  consists  of  a  more  or 
less  incomplete  ring,  often  of  abnormal  size,  of  small  blood-flecks 
occup}ring  the  position  of  the  sinus  terroinalis.     In  its  interior 
are  other  isolated    blood-islands  in  greater  or    less  number. 
Occasionally  some  of  these   are  connected  with   one  another, 
but  not  usually  with  the  embryo  itself.    In  other  instances  a 
few  are  connected  with  the  embryo,  but  the  greater  part  of  the 
area  vasculosa  is  unconnected.    The   number  of  eggs  experi- 
mented with  in  this  manner  was  sixty-four.    Of  these,  twenty- 
three  showed  no  sign  of  development,  six  had  deficient  ares 
vasculosae  without  evident  embryo,  and  twenty-five  defective 
areae  vasculosse  with  a  more  or  less  altered  embryo. 

It  would  carry  this  paper  beyond  its  proper  limits  if  I  were 
to  describe  the  various  modifications  in  the  embryo,  and  I 
therefore  reserve  the  consideration  of  some  of  the  forms  for  the 
present.  I  will  only  say  that  sometimes  it  was  represented  by 
an  apparently  shapeless  mass,  and  at  others  was  dead,  and  showed 
that  whiteness  and  loss  of  regular  contour  to  which  His  has 
alluded  in  connection  with  human  embiyos.  The  defective 
formation  of  the  area  vasculosa  which  I  have  noticed  as  pro- 
duced in  these  cases  is  so  similar  to  that  described  and  figured 
by  Panum,  Dareste,  and  Lombardini,  that  I  need  delay  no  longer 
over  it,  nor  is  it  necessary  to  present  any  figure  of  the  condition. 
The  ten  eggs  not  hitherto  accounted  for  presented  features  not 
at  present  under  consideration. 

B.  Elech'icity. — So  far  as  I  am  aware,  the  first  experiments  of 
this  kind  were  made  by  Provost  and  Dumas,  but  the  account  of 
their  observations  is  too  scanty  to  be  of  any  value  (31).  It  is 
otherwise  with  the  researches  of  Lombardini  (26),  which  are 
given  at  considerable  length  in  his  book.  The  last  mentioned 
experimenter  applied  the  constant  current  to  the  eggs  of  the 
hen  and  of  the  firog  during  development.  In  the  former,  the 
treatment  led  to  a  number  of  malformations,  amongst  which 
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may  be  mentioned  hyperaemia  of  the  head,  vascular  tumor  of 
the  eye,  with  early  anencephalus,  deformity  of  the  entire  body, 
&c. 

Speaking  generally  of  his  experiments,  he  says  that  the  effects 
of  the  disturbance  may  be  either  general  or  local,  and  that  in 
the  former  case  there  follows  total  atrophy,  mummification,  and 
death  after  a  short  period.     He  also  remarks  that  the  com- 
monest occurrences  at  an  early  period  are  hydraemia,  accompanied 
by  atrophy.     Processes  of  hypertrophy,  atrophy,  and  necrobiosis 
may  occur  in  the  embryo,  dependent  solely  upon  changes  in  the 
material  of  nutrition.     His  most  important  remark  in  connec- 
tion with  the  subject  of  this  paper  is,  that  he  has  not  seen  any 
malformed  case  in  which  the  albumen,  vitellus,  and  blood  were 
not  more  or  less  altered     In  his  experiments,  as  in  mine,  the 
frequency  of  occurrence  of  vascular  lesions,  whether  of  anaemia 
or  of  hyperaemia,  is  especially  noteworthy.     I  have  not  dwelt 
upon  the  former  condition,  because  it  is  foreign  to  the  purpose  of 
this  paper,  in  which  early  anaemia  is  the  defect  under  considera- 
tion.   It  is,  nevertheless,  one  of  great  importance,  and  I  hope  to 
deal  with  it  on  some  future  occasion  when  my  observations  on 
this  point  are  more  complete.    In  my  experiments  I  used  a 
battery  which  was  devised  for  me  by  my  colleague  Professor 
Poynting,  which  he  calls  a  sawdust  Daniell.     He  was  good 
enough  to  ascertain  for  me  that  such  a  battery  was  capable  of 
transmitting  a  current  through  an  egg,  which  could  be  distinctly 
recognised  by  its  effect  upon  a  Thomson  galvanometer  of  low 
resistance.    The  egg-shell  was  perforated  at  its  extremities  by 
two  extremely  small  holes,  into  which   were  introduced   the 
platinum  wires  used  for  making  connections  between  contiguous 
eggs  and  the  battery.    The  wire  in  each  case  perforated  the 
albumen  for  about  one-quarter  of  an  inch.    The  apertures  being 
exceedingly  small,  were  almost  entirely  closed  by  the  wires,  but 
in  order  to  complete  the  closure,  I  used,  in  the  earlier  experi- 
ments, a  drop  of  sealing-wax.     In  the  later  series,  in  case  the 
heat  of  the  wax  should  prove  a  disturbing  factor,  I  substituted 
Canada    balsam  dissolved  in  chloroform,  which  answers    the 
purpose  very  well.     I  did  not,  however,  notice  any  particular 
difference  between  the  series  conducted  under  the  former  as 
compared  with  the  latter  conditions. 
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The  results  obtained  were  briefly  as  follow.  Not  iucluding 
batches  which  failed  from  one  reason  or  another,  chiefly  on 
account  of  the  difficulty  of  obtaining  really  satisfactory  eggs  in 
the  centre  of  a  large  city,  thirty-two  eggs  were  submitted  to 
the  influence  of  the  current  from  the  commencement  of  incuba- 
tion, in  four  series.  Of  these,  Ave  presented  defective  aieae 
vasculosse  with  malformed  embryos,  and  one  without  embiyo. 
A  number  did  not  develop,  and  a  larger  proportion  proceeded 
to  normal  development  than  in  the  varnished  series. 

There  were  other  malformations  noticed,  notably  one  case  in 
which  the  eye  and  orbit  of  one  side  were  totally  absent,  whilst 
the  other  was  normally  formed.    There  did  not  seem  to  be  any 
relation  between  the  development  and  the  position  of  the  eggs 
with  regard  to  the  positive  or  negative  poles  or  the  centre  of 
the  circuit.     It  should  be  mentioned  that  of  sixteen  control 
eggs  used  in  these  experiments,  two  presented  defective  aresB 
vasculosse  with  malformed  embiyos.    I  have  tried  one  small  series 
with  the  interrupted  current. .   The  eggs  were  wired  as  in  the 
former  experiments,  and  allowed  to  develop   for  twenty-four 
hours  in  the  incubator  without  further  disturbance.     At  the 
eud  of  this  period  a  weak  current,  uuappreciable  to  the  finger, 
was  transmitted  for  fifteen  minutes  firom   a  small   single-cell 
bichromate  battery.    Four    days    afterwards    the    eggs    were 
opened.    The  first  showed  a  small  defective  area    vasculosa 
without  trace  of  embryo.     The  second,  a  small  embryo,  with 
umbilical  vessels  and  blood-islands,  well-developed,  but  small, 
white,  turbid,  and  with  small  haemorrhages  at  the  posterior  end. 
The  third  had  no  visible  area  vasculosa ;  the  embryo  was  small, 
but  to  the  uaked  eye  normally  developed.     The  heart  and  aortse 
were  full  of  blood,  and  a  few  twigs  entered  the  body.    The 
embiyo  was  dead,  turbid  and  white.    The  other  three  eggs  had 
not  developed.    I  hope  to  contiuue  this  class  of  experiments 
further.    In  connection  with  these  electrical  experiments,  the 
well-known  effects  of  curreuts  upon  blood-corpuscles  under  the 
microscope  should  be  remembered.    Dr  Fell  (10)  states  also 
that  blood  taken   by  himself   from   the    temple  of   William 
Kemmler  (electrocuted  at  Aubom  prison  in  1890),  the  first  man 
executed  by  electricity,  seven  minutes  after  the  electric  force 
had  been  turned  off,  presented  marked  peculiarities.     Fully  one- 
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third  of  the  field  presented  granular  particles  of  protoplasm 
ranging  from  the  full-sized  corpuscle  to  the  size  of  ordinary 
granules.  Protrusion  of  the  protoplasm  from  the  corpuscles 
was  frequently  noted.  He  also  states,  "without  further  con- 
sideration of  the  influence  of  the  electric  current  upon  the  lower 
forms  of  life,  it  may  he  seen  that  the  influence  is  positive  in  its 
character;  that  we  have  with  the  weaker  currents  an  undoubted 
electrolysis  produced,  aud  with  the  stronger  or  a  long  continued 
influence  of  the  current  a  lowered  vitality  of  the  protoplasm." 

C.  MagnetisTYi. — The  efiect  of  incubating  eggs  laid  between 
bar-magnets  has  been  tried  by  llaggiorani  (27).  The  eggs  were 
exposed  during  incubation  to  the  influence  of  powerful  magnets. 
A  similar  set  of  eggs,  hatched  in  the  same  manner,  but  kept 
away  firom  all  magnetic  influence,  served  as  controls.  Cases  of 
arrested  development  were  four  times  more  numerous  in  the 
former  than  in  the  latter  group.  Microscopic  examination 
showed  that  the  sterilisation  of  the  germs  was  probably  due  to 
an  intense  vascularisation  of  the  yolk-sac.  After  the  birth  of 
the  chickens  this  increased  mortality  continued,  deaths  being 
three  times  more  numerous  in  the  magnetised  group.  In  view 
of  these  experiments,  Slater  (35)  tried  the  effect  of  magnetic 
influence  upon  the  development  of  caterpillars.  Of  three  cater- 
pillars of  the  common  large  white  (cabbage)  butterfly,  two  did 
Dot  develop  and  the  third  was  a  cripple.  It  had  merely  rudi- 
mentary stumps  in  place  of  antennse,  the  wings  on  the  left  side 
were  expanded,  and  the  legs  on  the  same  side  were  smaller  than 
on  the  right.  Three  other  caterpillars  of  the  same  batch,  allowed 
to  develop  under  similar  conditions,  but  without  the  magnetic 
influence,  exhibited  no  deviations  from  the  normal.  I  have  tried 
a  few  series  of  experiments  with  hens'  eggs,  but  on  account, 
possibly,  of  the  magnets  not  being  strong  enough,  without  any 
very  definite  results. 

D.  Light — Blanc  (3)  has  tried  the  effect  of  submitting  the 
embryo  during  incubation  to  the  influence  of  a  bright,  cold  light. 
He  finds  that  the  embryo  is  sometimes  normally  developed,  but 
smaller  than  normal  embryos  of  a  corresponding  age.  Some- 
times the  development  of  the  embryo  is  accompanied  by  an 
imperfect  development  of  the  area  vasculosa,  which  is  some- 
times too  small,  at  other  times  its  vessels  contain  only  a  colour- 
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less  fluid,  or  the  blood-islands  develop  in  an  irregular  maimer, 
containing  corpuscles  only  at  certain  points,  or  finally,  the  arrest 
may  be  complete.  These  imperfect  conditions  of  the  area 
vasculosa  coincide  frequently,  but  not  always,  with  abnormal 
formation  of  the  embryo  or  of  the  amnion,  such  as  absence  or 
atresia  of  the  amnion,  hydrops,  heterotaxy,  omphalocephaly, 
Cyclops,  atrophy  of  the  head.  Finally,  but  very  rarely,  the 
embryo  is  unformed,  rudimentary,  or  dead.  He  concladea» 
therefore,  that  white  light  has  a  destructive  effect  on  the  cells 
of  the  blastoderm  in  the  hen's  egg. 

E.  Experiments  on  Babbit  Embryos. — It  may,  lastly,  be 
mentioned  that  Qiacomini  (13)  has  conducted  several  series  of 
experiments  on  the  embryos  of  rabbits,  his  method  of  procedare 
being  described  in  the  paper  referred  to.  The  disturbance  has 
been  produced  by  (1)  withdrawal  of  fluid  from  the  blastodermic 
vesicle,  (2)  puncture  of  the  same,  (3)  introduction  of  a  foreign 
body  into  the  same,  (4)  puncture  with  pressure,  (5)  ligature  of 
a  part  of  the  uterus.  The  general  effect  of  these  experiments 
was  to  arrest  development.  In  some  cases  an  atrophic  embryo 
was  formed,  the  resemblance  of  which  to  those  found  in  human 
abortive  ova  has  already  been  alluded  to. 

From  these  observations  it  follows  that  a  common,  indeed  it 
might  with  reason  be  said  the  most  common,  consequence  of 
early  interference  with  the  processes  of  development  is  a  de- 
rangement of  the  growth  and  progi-ess  of  the  area  vasculosa 
and  of  the  elements  arising  with  it  from  the  region  around  the 
body  of  the  embryo.  Though  this  is  not  the  only  effect  pro- 
duced, it  is  a  very  common  one,  and  the  frequency  of  its  occur- 
rence in  the  experiments  of  different  observers  and  under  vary- 
ing conditions  is  remarkable. 

Section  III.— Primary  Results  of  the  Disturbance  op 
THE  Development  of  the  Area  Vasculosa. 

From  the  area  around  the  embryo-proper  develops  that  part 
of  the  mesoblast  which  is  known  as  the  parablast  or  mesenchyme, 
and  from  which  is  developed  the  vascular  and  lymphatic  systems 
and  the  connective  tissuea  This  view  put  forward  by  His  and 
the  Hertwigs,  in  a  more  or  less  modified  form,  seems  to  be  gtuning 
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general  acceptance.    Thus  Ziegler  (41)  states  that  the  blood 
and  lymph  vascular  systems  are  phylogenetically  derived  from 
the  lymph  vascular  system.     In  ontogeny  it  may  be  seen  that 
some  of  the  first  vessels  to  arise  are  parts  of  the  primary  coelom, 
and  are  gradually  shut  off  from  it.     The  red-blood  corpuaclea 
arise  ontogenetically  from  the  solid  venous  rudiments,  and  in 
histological  regeneration  they  arise  similarly  from  the  venous 
capillaries ;  the  red-blood  corpuscles  belong  both  in  origin  and 
function  to  the  blood- vascular  system;  they  do  not  arise  from 
the  white  corpuscles  in  the  blood,  but  have  a  similar  origin 
^vith  them,  insomuch  as  they  are  derived  from  the  histological 
foundation  of  all  the  mesenchymatous  tissues.    Again,  Van  der 
Stricht  (34)  states  that  the  first  blood  corpuscles  appear  at  the 
level  of  the  area  vasculosa,  and  at  the  expense  of  its  meso- 
blastic  constituents.    These  all  have  the  characters  of  red-blood 
corpuscles.    The  white-blood  corpuscles  arise  later,  and  are  also 
mesoblastic.    Interference  with  the  development  of  the  region 
from  which  the  mesenchymatous  elements  are  derived,  such  as 
appears  to  take  place  in  the  experiments  detailed  above,  will 
produce  (1^^)  a  failure  in  the  development  of  the  blood- vascular 
system  in  the  manner  described  by  Dareste ;  {2nd)  irregular 
development  of  the  connective  tissue  elements  also  derived  from 
the  mesenchyme.    This  second  fact  gives  an  answer,  I  think,  to 
His's  question  as  to  whence  the  round  cells  come  which  he 
noticed  in  such  numbers  infiltrating  the  tissues  and  filling  the 
cavities  of  the  embryo  which  formed  the  subject  of  his  paper. 
That  these  round  cells  are  derived  from  the  mesenchyme  will,  I 
think,  seem  the  most  probable  explanation.     This  has,  indeed, 
in  part  been  suggested  by  Qiacomini  in  explaining  the  reason 
why  his  nodular  embryo  does  not  present  the  masses  of  round 
cells  which  are  found  in  the  atrophic  forms.     He  says  that  at 
the  period  at  which  the  embryo  perished,  the  mesoblast  had 
not  arrived  at  the  importance  in  development  which  it  after- 
wards attains,  and  that  consequently  the  small,  round  lymphoid 
elements  which  are  mesoblastic  in  origin  are  not  present  in  this 
embryo.    These  round  cells  have  been  found,  as  has  already 
been  noted,  in  a  number  of  the  malformed  human  embryos,  and 
are  regarded  by  His  as  of  especial  interest.     I  have  also  found 
them  in  microscopic  sections  of  the  atrophic   chick  embryos 
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obtained  artificially  in  the  incubator.     These  embryos  oontain 
remains  of  the  nerve-tube,  of  some  of  the  organs,  and  masses  of 
round    cells.    They  thus    belong  to    the  class  described   by 
Giacomini  as  atrophic,  and  the  similarity  of  the  appearances 
presented  under  the  microscope  is  another  proof  of  the  identity 
of  the  malformations  and  of  the  proximate  causes  which  produce 
them.     Summing  up  the  facts  of  this  section,  it  may  be  con- 
cluded— let,  that  the  amorphous  (atrophic)  embryos  found  in 
heas'  eggs  as  the  result  of  a  disturbance  of  some  kind  of  the 
process  of  development  are  due  to  (a)  an  irregular  development; 
of  the  vascular  elements  which  consists  in  imperfect  formation 
and  isolation  of  the  blood-islands,  their  failure,  either  total  or 
partial,  to  connect  with  the  vascular  system  of  the  body  of  the 
embryo,  together  with  (b)  the  formation  in  large  numbers  of 
round  cell  elements  which  infiltrate  the  tissues  of  the  embryo  ; 
27id,  that  similar  causes  lead  to  the  formation  of  the  irregularly 
shaped  atrophic  human  embryos,  as  shown  by  the  faulty  develop- 
ment of  the  blood-vascular  system  in  these  forms,  and  their 
iDfiltration  with  numerous  round  cell  elements. 


Section  IV. — Later  Malformations  due  to  Deficient 

VAscuLARnr. 

The  cases  which  have  been  considered  in  this  paper  are  those 
in  which  the  interference  with  the  development  has  been  so 
early  in  date  and  so  serious  in  nature  as  to  lead  to  grave  changes 
in  the  mesenchymatous  tissues,  having  as  a  consequence  the 
early  death  and  degeneration  of  the  embryo.  I  have,  however, 
been  able  to  make  some  observations  which  lead  me  to  believe 
that  a  partial  occurrence  of  similar  changes,  insufficient  to  cause 
the  death  of  the  embryo,  may  afford  a  clue  to  the  etiology  of 
some  of  the  malformations  exhibited  by  the  embryo  at  term,  or 
at  least  at  a  period  when  the  various  organs  and  parts  have 
become  fully  differentiated.  My  observations  on  this  point  are 
not  yet  complete,  but  I  hope  that  the  experiments  upon  which 
I  am  now  engaged  will  enable  me  to  speak  with  more  certainty 
upoD  this  point  in  a  later  paper.  At  the  present  time,  therefore, 
I  will  only  note  the  following  points  as  probably  bearing  upon 
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this  part  of  the  question.  (1)  The  probable  association  of  a 
local  dropsy  with  some  of  the  forms  of  body  clefb.  (2)  The 
existence  of  a  single  umbilical  artery  in  cases  of  sirenomeb'a  and 
its  allied  conditions,  a  fact  now  well  established  (Forster  (11), 
Ahlfeld  (1) ).  (3)  Wemitz*s  collection  of  cases  (39),  showing  that 
certain  malformations  may  co-exist  with  arterial  deficiencies,  of 
which  the  following  may  be  mentioned, — (a)  Duncan  (9),  anence- 
phalus,  with  carotid  arteries  ending  at  the  base  of  the  skull ;  (6) 
Budin  (2),  hydrocephalus,  with  small  carotid  arteries ;  (c)  Elebs 
(22),  atrophy  of  right  temporal  and  parietal  lobes,  with  small 
arteries;  (d)  ib.,  hydroanencephalus,  with  no  right  internal 
carotid  artery;  (e)  ib.,  microanencephalus,  with  closure  of 
vessels.  To  these  might  be  added  other  cases  which  I  reserve 
for  the  present. 

Section  V. — Conclusions. 

It  is  necessary  to  exercise  caution  in  drawing  conclusions  in 
so  large  a  subject,  and  one  where  there  are  so  many  possibilities 
of  mistake,  but  I  think  the  following  points  may  be  at  least 
tentatively  put  forward  as  following  from  the  facts  described  in 
the  foregoing  pages : — 

1.  That  whatever  the  nature  of  the  disturbance  applied  to 
the  developing  embryo,  the  results  which  follow  are  in  many  if 
not  most  of  the  cases  absolutely  identical. 

2.  That  these  effects  for  the  most  part  manifest  themselves 
in  connection  with  the  area  vasculosa  and  the  mesenchymatous 
region. 

3.  That  they  consist  in  faulty  development  of  the  blood- 
islands,  and  frequently  to  their  failure  to  connect  with  the 
blood-vessels  of  the  embryo. 

4.  That,  further,  they  lead  to  the  irregular  development  of 
numerous  round  cell  elements  which  infiltrate  the  tissues  of  the 
embiyo. 

6.  That  the  results  are  dropsy  or  degeneration  of  the  embryo, 
which  is  found  to  present  deficient  vascular  development  and 
an  infiltration  with  round  cells,  the  embryo  itself  being  ill- 
shaped,  and  many  of  its  parts  so  ill-developed  that  its  normal 
shape  is  not  recognisable  by  the  naked  eye. 
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6.  That,  finally,  it  is  probable  that  partial  failures  of  a  siinilar 
kind  may  lead  to  the  production  of  sonie  of  the  later  types  of 
malformation  of  the  embryo. 
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CYSTIC  DEGENERATION  OF  THE  HEART,  SPLEEN. 
LIVER,  AND  KIDNEYS.  By  Arthur  V.  Meigs,  MJ)., 
of  Philadelphia. 

The  history  of  the  patient  is  as  follows: — He  was  seventy- 
seven  years  of  age,  and  was  born  in  England,  but  had  been 
fifty  years  in  America.  By  trade  he  was  a  printer,  and  had 
stopped  work  only  six  weeks  before  coming  to  the  Pennsylvania 
Hospital.  There  was  obtained  no  history  of  hereditary  disease 
in  his  family.  He  denied  having  had  syphilis,  but  said  he  had 
drunk  pretty  freely  all  his  life.  Ten  years  before  coming  to  the 
hospital  he  had  had  much  bleeding  from  the  nose,  and  for  several 
years  dyspnoea  on  going  upstairs,  and  had  passed  very  little 
urine.  For  six  weeks  he  was  ill ;  having  had  vomiting,  aching 
all  o\er  the  body,  very  infrequent  micturition,  and  dyspnoea. 
He  said  his  feet  had  never  swollen.  The  attack  was  at  first 
supposed  to  be  sunstroke ;  for  when  it  came  on*,  six  weeks  before 
his  admission  to  the  hospital,  the  weather  was  excessively  hot, 
and  he  was  taken  sick  on  the  street.  He  came  to  the  hospital 
August  8th,  1892,  exceedingly  ill.  By  the  12th  he  was  much 
worse,  dyspnoea  and  hebetude  having  increased  until  they  were 
excessive.  August  13th,  there  was  retention  of  urine,  and  forty 
ounces  were  drawn  with  the  catheter.  The  urine  contained  no 
albumen,  but  there  was  a  decided  urinous  odour  of  the  body. 
There  was  bloody  expectoration,  and  the  stools  were  bloody. 
August  14th,  as  no  urine  was  passed,  the  catheter  was  again 
used,  but  the  bladder  was  found  to  be  empty,  though  blood  was 
passed  from  the  urethra,  and  there  was  pain  over  the  bladder. 
There  was  on  this  day  very  profuse  diarrhoea,  the  stools  being 
bloody.     Later,  he  died. 

No  careful  physical  examination  was  made  while  he  was  in  the 
hospital,  as  he  was  at  all  times  too  ill  to  be  disturbed.  The 
temperature  was  always  sub-normal,  except  that  for  a  short  time 
on  the  11th  it  was  as  high  as  99f  ^ 

Post-mortem  examination  was  made  fourteen  hours  after  death. 
Lungs,  The  pleural  sacs  were  obliterated  by  adhesions,  and  the  lungs 
themselves  intensely  injected.     HeaH.  The  pericardial  sac  was  also 
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oblit^»ted  b;  adheuons.  The  walls  of  th^  heart  were  thin  and 
flabby,  aod  the  cavities  dilated.  The  valvea  were  natural  The 
arteries  were  in  places  calcareoua,  and  then  was  some  chalkj  deposit 
in  the  diaphragm.  Liver  was  enlarged,  hardened,  dark  in  colour, 
and  firmly  adherent  to  the  surrounding  porta.  Spleen  was  enlarged, 
and  firmly  adherent.  Kidneys  were  buried  in  dense  fat.  Exteruall; 
they  looked  about  normal  in  size,  but  on  section  it  became  apparent 
that  they  were  reduced  by  about  one-third,  the  central  spaces  being 
filled  with  masses  of  fat     There  were  numerous  small  cysts  and  two 


Fig.  1. 

quite  large  ones.  The  surface  was  rough  and  the  capsule  somewhat 
adherent  Bladder  was  thickened,  and  contained  a  small  amount  of 
bloody  urine.  Pieces  of  the  heart,  liyer,  spleen,  and  kidney  were 
placed  in  70  per  cent,  alcohol  for  microscopical  examination. 

Unfortunately,  I  was  unable  to  be  present  at  the  time  the  posl- 
■mortem  examination  was  made,  and  nothing  was  noticed  at  that  time 
beyond  what  has  already  been  described.  When  I  came,  however,  to 
examine  the  pieces  of  heart,  liver,  spleen,  and  kidney  which  had 
been  saved  for  me  for  microscopical  exaniination,  a  very  unusual 
appearance  became  at  once  evident.  There  were  pieces  from  1  to  3 
inches  acTC«s  of  each  of  the  four  previously  mentioned  organs.  On 
section  in  any  direction  they  are  seen  to  be  absolutely  riddled  with 
cavities,  a  surface  ^  of  an  inch  square  containing  quite  commonly  as 
many  as  fifty.  Some  of  the  cavities  are  as  much  as  ^th  of  an  inch  in 
diameter,  and  from  this  size  downward  to  the  very  smallest     In  the 
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liver,  spleen,  and  kidney  the  cavities  are  spheroidal,  or  irregular^j  to 
at  least,  while  in  the  heart  the  shapes  are  very  variable,  being  often 
two  or  three  times  larger  in  one  diameter  than  in  another.     This 


does  not  seem  at  all  surprising  when  the  nature  of  the  heart  tissue  is 
remembered,  the  muscular  fibres  running  in  parallel  bands,  so  that  if 


any  force  was  brought  to  bear  to  tear  them,  the  fibres  would  separate 
from  each  other  much  more  easily  than  break  across  their  length. 
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The  cavities  were  oil  filled  with  liquid,  which  to  the  naked  eye 
appeared  tj)  be  clear. 

These  cavities  in  all  foar  of  the  organs  have  the  ordinary  appear- 
ances of  minute  cysts,  none  of  them  appearing  to  have  any  thing  in 
the  moat  distant  way  resembling  solid  contents.     In  many  places^the 


FiK.4. 

oysta  are  so  close  to  each  other  that  they  are  separated  only  by  a 
thin  membranous  wall,  and  again  there  are  openings  from  one  to 
another. 

Sections  were  cut  of  the  oi^ians  for  microscopical  examination.  The 
muscular  fibres  of  the  heart  are  rather  opaque-looking,  and  the  cross 
etrice   are  hardly  distinguishable.     The  fibres    are   separated   more 


widely  from  each  other  than  is  natural,  and  there  is  very  decided 
increase  of  the  intermuscular  connective  tissue.  The  fibrous  or  con- 
nective tissue  increase  is  especially  marked  near  the  endocardium  and 
around  the  portions  of  papillary  muscle  in  the  sections.  Around  the 
papillary  muscles  there  is  also  some  fatty  tissue.  Near  the  endo- 
cardium and  around  the  papillary  muscles  there  are  a  great  many 
brightly  stained  connective  tissue  nuclei.  Tbe  cysts  at  most  portions 
of  their  circumference  are  directly  surrounded  by  the  muscular  tissue 
of  the  heart,  there  not  being  in  moat  places  a  differentiated  cyst  wall, 
and  in  many  places  tbe  muscular  fibres  are  not  even  more  densely 
pressed  together  around  the  cysts  than  elsewhere.     Careful  ezamin- 
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ation,  however,  brings  to  light  the  fact  that  in  some  places  these  is  a 
most  distinct  cyst  wall,  quite  different  in  its  constitution  firom  the 
muscles.  In  positions  where  this  has  been  cut  through  perpendioo- 
larly  so  as  to  display  it  in  the  sections  to  the  greatest  advantage  for 
study,  it  presents  appearances  precisely  similar  to  those  of  the  caipl- 
laries  of  the  heart  which  I  described  a  year  or  two  ago.^ 

There  is  a  fine  structureless  or  fibrous  membrane,  the  so-called 
basement  membrane,  and  in  it,  here  and  there,  small  somewhat 
flattish  nuclei,  like  the  common  endothelial  nuclei  of  capillaries  and 
of  the  intima  of  arteries.  This  differentiated  cyst  wall  is  much  more 
commonly  distinguishable  in  small  cysts  than  in  the  larger  ones ;  and 
if  it  is  seen  in  those  of  large  size,  it  is  usually  only  dmall  bits  of  it, 
thus  giving  the  impression  that  the  membranous  walls  had  been  tom 
through  and  destroyed  as  the  cavities  grew  larger  from  the  increase 
of  the  quantity  of  liquid  contents.  In  places  there  is  marked  con- 
densation of  the  muscular  tissue  around  the  cysts,  and  in  many  of 
the  sections,  here  and  there,  portions  of  cyst  contents  have  been 
caught,  this  consisting  of  a  grumous  structiu'eless  material,  hardly 
taking  the  carmine  stain.  The  amount  of  cyst  contents  must  have 
been  very  small,  a  little  flaky  material  hanging  or  floating  in  the 
liquid,  hardly  sufficient  to  make  the  liquid  turbid,  much  less  to  give 
it  the  slightest  appearance  of  solidity. 

The  liver  cells  are  shrunken,  distorted,  and  granular,  none  of  them 
being  natural  in  appearance.     In  many  places  only  fibrous  tissue  is 
visible,  but  the  appearance  of  such  areas  suggests  rather  that  the 
liver  cells  had  degenerated  and  disappeared,  than  that  the  amoimt  of 
fibrous  material  was  increased.     The  appearance  is  much  like  what 
may  be  seen  in  abscess  of  the  liver  when  the  secreting  cells  have 
rapidly  broken  down  and  disappeared,  leaving  behind  only  the  fibrous 
network,  and  even  it  being  misshapen  from  being  pressed  together 
The  blood-vessels  are  thickened,  the  branches  of  the  hepatic  artery 
especially  being  in  places  so  thick  as  to  be  almost  solid  cords,  there 
remaining  only  a  very  small  opening.     The  bile  ducts  are  not  at  all 
enlarged.     The  epithelial  layer  in  some  of  them  is  still  present^  and 
outside  of  it  the  ducts  consist  of  dense  and  thickened  fibrous  material. 
The  cysts  are  principally  surrounded  by  liver  tissue ;  and  as  through- 
out the  whole  organ  the  secreting  cells  are  small,  and  the  amount  of 
connective  tissue  visible  great,  this  holds  good  around  the  cysts  as 
elsewhere,  and  the  fibrous  framework  as  well  as  secreting  cells  are 
visible  at  the  periphery  of  the  larger  cysts.     In  some  of  the  larger 
cysts  quite  dense  fibrous  material  may  be  seen  at  their  periphery, 
and  it  is  impossible  to  say  whence  this  fibrous  tissue  had  its  origin. 
It  frequently  happens  that  many  cysts  of  smaller  size  may  be  seen 
close  to  each  other,  and  these  are  generally  surrounded  by  a  cyst  wall 
of  fibrous  material,  broken  through  in  places,  the  cysts  thus  often 
communicating  with   each   other.     A   distinguishable   cyst   wall  is 
generally  the  rule  in  small  cysts,  and  on  the  other  hand  generally 

^  "The  Microscopical  Anatomy  of  the  Human  Heart,"  Trans,  of  the  CoU  ofFhp. 
of  Philadelphia,  April  1891,  and  The  Amer,  Jour,  of  the  Med,  Sciences,  June  18»1. 
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Lbsent  in  large  ones.  Flattened  cells  are  often  visible  in  these  mem- 
>]ranous  partitions,  but  they  are  quite  large,  and  by  their  appearance 
^laggest  rather  that  they  are  altered  and  distorted  liver  cells  than 
connective  tissue  cells. 

The  spleen  shows  great  thickening  of  the  capsule,  and  in  places 
tlie  remains  of  the  inflammatoiy  adhesions  to  the  surroimding  parts  are 
plainly  visible.  The  trabecule  are  thick,  and  so  are  the  blood- 
vessels. In  places  the  thickening  of  the  blood-vessels  is  so  great  that 
t:lie  calibre  of  some  of  them  is  almost  occluded,  and  the  walls  have  a 
homogeneous  appearance,  the  differentiation  of  the  coats  being  lost. 
UThe  cysts  are  in  many  places  surrounded  by  a  definite  differentiated 
xnembranous  wall,  and  again  there  is  none.  The  presence  of  a  wall  is 
more  common  in  the  smaller  cysts.  The  cyst  walls  have  much  the 
same  appearances  as  have  already  been  described  as  present  in  the 
lieart. 

The  kidney  exhibits  a  high  degree  of  contraction,  no  portion  of  the 
sections  containing  any  normal  tissue.     There  is  great  increase  of 
connective  tissue,  the  cells  are  in  various  stages  of  extreme  degenera- 
tion,   and   the   blood-vessels  are  fibrous  and  thickened,  and    their 
calibres  reduced.     The  cysts  present  the  ordinary  characteristics  of 
renal  cysts.     Sometimes  there  is  a  differentiated  cyst  wall,  but  more 
commonly  there  is  not,  the  renal  tissue  constituting  the  edges  of  the 
cavities.     The  presence  of  a  specialised  wall  is  much  more  common 
in  small  than  large  cavities.     Structureless  cyst  contents  are  often 
visible  in  the  sections,  and  again  loose  festoons  hang  from  the  walls 
into  the  cavities.     It  looks  in  many  places  as  if  some  of  the  smaller 
cavities  were  cysts  commencing  in  the  Malpighian  capsules.     The 
capsule  of  the  kidney  is  moderately  thickened,  and  upon  its  surface 
can  be  seen  the  remains  of  fatty  tissue  in  which  it  was  imbedded,  and 
to  which  it  was  fastened  by  adhesions. 

ReToarka, — The  presence  of  cavities  such  as  have  been 
described  in  the  four  important  organs,  heart,  liver,  spleen,  and 
kidney,  must  certainly  be  a  very  rare  occurrence.  In  looking 
for  a  cause  of  the  condition,  the  first  things  that  suggest  them- 
selves to  the  mind  are — Could  the  change  be  a  j:>o«^-morf6m  one, 
or  is  it  Trichinosis  ?  That  it  should  be  Trichinosis  seems  quite 
impossible,  for  a  careful  examination  of  the  pieces  of  the  organs 
which  were  retained,  both  the  naked  eye  appearances  and  of 
sections  with  the  microscope,  fails  to  reveal  an3i)hing  resembling 
solid  bodies  in  any  of  the  cavities,  much  less  anything  that 
could  be  taken  to  be  the  parasites  or  remnants  of  them.  That 
the  cavities  could  be  the  result  of  changes  which  had  taken 
place  after  death,  is  emphatically  negatived  by  their  appearance, 
which  is  that  of  ordinary  cysts,  and  by  the  fact  that  conditions 
of  disease  were  present  in  an  unusual  degree  of  development 
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which  are  conamoa  in  cystic  degeneration,  or  certainly  in  cases 
of  cystic  kidney.  The  kidneys  were,  as  has  been  stated  in  the 
history,  extremely  contracted,  and  the  heart  fibroid,  beside  there 
being  adhesion  of  all  four  of  the  organs  to  all  the  snrrounding 
parts,  the  adhesive  inflammation  of  the  pleura  and  pericardium 
having  been  so  extensive  as  to  cause  entire  obliteration  of  their 
cavities. 

It  is  much  to  be  regretted  that  the  posPmortem  exaniinatioii 
was  not  more  thorough,  for  then  search  might  have  been  made  Co 
ascertain  if  there  was  a  parallel  cystic  condition  of  any  of  the 
other  organs  or  tissues.  If  careful  examiuation  of  the  voluntaij 
muscles  had  been  made,  and  no  evidences  of  disease  found,  this 
would  have  constituted  a  complete  answer  to  anyone  who  might 
say  the  disease  was  Trichinosis. 

To  my  mind,  as  a  result  of  study  of  the  case,  has  come  the 
coDclusion  that  the  cavities  in  the  organs  are  cysts.     Cysts  in 
the  kidney  are  very  common,  and  in  the  liver  not  very  rare,  but 
of  cystic  disease  of  either  the  spleen  or  heart  I  have  not  as  yet 
been  able  to  find  any  account     It  is  highly  improbable  that  in 
a  case  of  cystic  degeneration  of  four  of  the  most  important 
organs  in  the  whole  economy  they  had  different  modes  of  origin, 
or  are  in  any  way  different  from  each  other,  further  than  thai 
they  are  in  different  sorts  of  tissue.     That  cause,  therefore, 
which  produced  them  in  one  organ,  probably  produced  them  in 
all.     With  regard  to  the  ordinary  cysts  of  contracted  kidney, 
there  seems  to  be  no  doubt  amongst  pathological  authorities 
that  they  always  arise  either  in  the  Malpighian  capsules  or  in 
the  uriniferous  tubules,  and  it  is  very  generally  accepted  that 
cysts  in  the  liver  originate  in  the  bile  ducts.    Cysts  are  classified 
in  two  great  divisions — true  cysts,  and  pseudo-cysts  or  spurious 
cysts.     The  latter  are  those  which  arise  in  the  substance  of  the 
organs  or  tissues  as  the  result  of  haemon^hage  or  disintegration, 
or  other  pathological  process,  while  true  cysts  have  their  origin 
in  the  abnormal  dilatation  of  a  pre-existing  tubule  or  cavity.    It 
does  not  seem  likely  that  the  cavities  which  have  been  exhibited 
are  spurious  cysts,  for  such  an  assumption  is  negatived  both  by 
their  appearance  and  by  the  fact  that  cysts  precisely  like  these 
are  so  well  known  to  occur  in  the  kidneys  and  liver,  which,  so  fst 
as  the  kidneys  are  concerned,  certainly  are  universally  conceded 
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LOt  to  have  had  that  mode  of  origin.  It  is  probable,  as  has 
3jneady  been  said,  that  the  cavities  in  the  four  organs  had  a 
tomcnon  mode  of  origin ;  but  so  far  as  the  spleen  and  heart  are 
soncemed,  there  are  neither  pre-existing  tubules  nor  cavities 
which  could  undergo  abnormal  dilatation  except  the  blood- 
sreasels  and  the  lymphatics. 

My  endeavour  in  what  has  been  said  has  been  to  lead  up  to 
fche  enunciation  of  these  two  propositions — ^first,  that  true  cysts 
do  sometimes  have  their  origin  in  capillaries ;  and  second,  that 
-the  commonly  accepted  explanation  of  the  mode  of  origin  of 
renal  and  hepatic  cysts  does  not  rest  upon  any  tangible  evidence 
^which  is  accessible  to  the  ordinary  pathologist,  and  that  there- 
fore it  is  at  least  open  to  doubt. 

So  far  as  the  first  proposition  is  concerned,  it  may  be  well  for 
me  to  say  that  this  case  has  been  of  great  interest  to  me  in  that 
it   has  seemed  to  furnish  more  evidence  toward  proving  the 
assertion  I  made  a  year  ^go,^ — that  certain  cavities  in  the  mus- 
cular fibres  of  the  heart,  the  presence  of  which  I  pointed  out, 
were  cystic  in  their  nature,  that  they  were  true  cysts;  and  further, 
that  they  had  their  origin  in  the  capillaries  that  I  had  described 
as  lying  within  the  muscular  fibres.     If  it  be  conceded  that 
these  cavities  are  true,  and  not  spurious  cysts,  and  that  such 
could  only  originate  in  the  spleen  and  heart  in  either  the  blood- 
vessels or  lymphatics,  a  long  step  would  seem   to  have  been 
taken  toward  the  conclusion  of  their  having  originated  in  the 
blood-vessels. 

The  origin  of  cysts  in  l3rmph-vessels  is  a  thing  as  yet  almost 
unknown ;  and,  on  the  other  hand,  dilatations  of  blood-vessels, 
arteries,  veins,  and  capillaries,  forming  aneurism,  varix,  or 
capillary  aneurism,  is  a  most  common  pathological  appearance. 
For  my  own  part,  I  am  unable  to  see  why  vascular  tumors  of 
either  of  the  three  sorts  should  be  classified,  as  is  commonly 
done,  among  the  spurious  cysts,  for  it  is  more  easy  to  be  sure 
that  their  origin  was  in  a  pre-existing  duct  than  in  the  case  of 
almost  any  of  the  cysts  which  are  ordinarily  classed  as  true  cysts. 
Whatever  may  be  the  condition  of  the  inner  wall  of  the  vascular 

^  "Cystic  Degeneration  of  the  Mascular  Fibres  of  the  Heart,"  by  Arthur  V. 
Heigs,  Trajis.  of  tJie  Col,  of  Phys.  of  Philadelphia^  1892,  and  The  Amer,  Jov/r, 
of  the  Med,  Sciences,  May  1892. 
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tumor  as  a  resalt  of  the  stretching  force  which  is  exerted  £rt>m 
within,  there  can  be  no  manner  of  doubt  of  the  place  in  which 
it  originated.  If,  then,  it  is  so  well  known  that  cysts  do  originate 
in  blood-vessels,  and  we  know  but  little  of  their  origin  in 
lymphatics,  does  it  not  seem  just  to  assert  that  the  cavities  that 
have  been  shown  to  be  present  in  the  spleen  and  heart  are  trae 
cysts,  and  that  their  origin  was  within  the  blood-vessels. 

With  regard  to  the  second  proposition,  my  mind  has  long 
been  disturbed  by  a  feeling  of  dissatisfaction  with  the  ordinarily 
accepted  explanation  of  the  mode  of  origin  of  renal  cysts — that 
they  arise  in   the  Malpighian  capsules,  or  in   the  uriniferoos 
tubules.     That  they  arise  in  the  uriniferous  tubules,  of  coorBe, 
may  be   the  case,  but  I   have   never  been  able   to   find   any 
evidence  which  would  go  to  show  that  such  is  the  case.     So  &r 
as  their  originating  in  the  Malpighian  capsules  is  concerned,  it 
would  seem  to  be  borne  out  by  the  fact  that  often  in  cases  of  con- 
tracted kidney  (and  it  was  so  in  this  case)  the  Malpighian  bodies 
can  be  seen  in  various  stages  of  degeneration  and  destruction, 
and  the  capsules  dilated ;  but  there  is  no  more  reason  for  sup- 
posing that  this  dilatation  is  due  to  obstruction  to  the  uriniferous 
outlet,  than  that  disease  of  the  capillary  loop  had  occurred,  and 
the  dilatation  had  its  origin  within  the  blood-channel.     What 
reason  is  there  for  saying  that  cysts  in  the  kidney  originated  in 
the  secreting  structure,  any  more  than  that  they  may  have  had 
their  origin  in  the  blood-vessels  ? 


EXPLANATION  OF  FIGURES  IN  TEXT. 

Fig.  1.  Camera  drawing  of  a  section  of  the  heart,  delineating  ac- 
curately the  size,  relative  positions,  and  outlines  of  the  cysta  Magni- 
fied five  (5)  diameters. 

Fig.  2.  Section  of  the  liver  drawn  under  the  same  circumstances  as 
the  heart  in  No.  1.  Amplification,  the  same  as  that  of  the  section  of 
the  heart. 

Fig.  3.  Section  of  the  spleen  drawn  as  the  heart  in  No.  1.  The 
tissue  having  been  softer  than  that  of  the  heart  and  liver,  the  cysts 
are  smaller  than  they  were  when  the  organ  had  just  been  removed 
from  the  body,  it  having  shrunk  somewhat  in  the  dilute  alcohol  used 
to  preserve  it.     Amplification,  five  (5)  diametera 
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Fig.  4.  An  accurate  camera  drawing  of  one  of  the  smaller  cysts  in  the 
heart  multiplied  fifty-seven  (57)  diameters.  It  exhibits  the  irregular 
shape  of  the  cyst,  and  the  manner  in  which  the  larger  portion  ruus  off 
into  a  channel,  which  is  in  many  respects  like  a  dilated  capillary.  It  is 
seen  also  that  the  tearing  apart  of  the  muscular  tissue  in  the  process 
of  formation  of  the  cyst  has  been  much  more  in  the  direction  of  the 
fibres  than  across  them.  Along  the  channel,  upon  both  sides  of  the 
greater  portion  of  its  length,  can  be  seei^  a  fine  line,  which  is  precisely 
like  the  endothelial  lining  of  ordinary  capillaries.  This  fine  membrane 
extends  into  the  larger  rounded  portion  of  the  cyst,  but  is  there  more 
broken  and  irregular  than  in  the  narrow  channel. 

Fig.  5.  A  somewhat  diagrammatic  representation  of  a  portion  of  the 
channel  or  narrow  part  of  the  cyst  drawn  in  fig.  4.  The  amplifi- 
cation used  was  about  five  hundred  (500)  diameters,  and  the  propor- 
tions were  sketched-in  with  the  camera.  The  only  purpose  of  the 
picture  is  to  demonstrate  the  presence,  in  the  fine  membrane  lining 
the  channel,  of  nuclei,  and  its  general  resemblance  to  the  ordinary 
walls  of  the  capillaries  of  the  heart  In  the  text  will  be  found  a  fuller 
description  of  the  appearances  represented  in  figs.  4  and  5. 
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CASE  OF  CONGENITAL  MALFORMATION  OF  THE 
HEART ;  WITH  TRANSPOSITION  OF  THE  AORTA 
AND  PULMONARY  ARTERY.  By  Gordon  Sandbbs. 
M.B.,  M.R.C.P.  Ed. 

Congenital  deformities  of  organs  are  of  great  interest  from 
many  points  of  view.  Clinically,  the  recognition  of  such  defects 
is  of  extreme  importance,  aud  especially  so  in  the  case  of  the 
heart,  where  it  is  possible  to  separate  the  condition  from  the 
diseases  incidental  to  post-natal  life ;  thereby  frequently  modi- 
fying both  prognosis  aud  treatment,  sometimes  profoundly. 

But  the  etiological  point  of  view  is  of  even  deeper  interest, 
since  the  presence  of  malformations  often  serves  to  shed  a  light 
upon  the  obscure  problems  of  development.  In  the  heart,  as 
in  other  organs,  a  condition  may  be  thus  perpetuated  which 
otherwise  is  merely  transient,  and  yet  which  is  full  of  sug- 
gestiveness  as  to  events  occurring  in  iutra-uterine  life. 

With  this  in  view,  it  is  both  interesting  and  profitable  to 
examine  cases  of  congenital  alteration  of  the  heart ;  and  view- 
ing them  in  the  light  of  the  most  recent  work  on  development, 
to  endeavour  to  understand  the  process  which  has  produced 
them. 

The  following  example  of  a  not  very  common  condition  was 
obtained  from  the  body  of  an  infant  dying  at  the  age  of  seven 
months.  It  is  not  intended  here  to  refer  fully  to  the  clinical 
facts  of  the  case ;  but  it  will  suffice  to  say  that  the  presence  of 
congenital  disease  was  recognised  during  life  by  the  presence 
of  some  degree  of  cyanosis,  and  the  detection  of  a  murmur, 
systolic  in  time,  audible  to  the  left  of  the  sternum.  There  was 
no  definite  cause  to  be  traced  in  the  health  of  the  mother,  or 
the  facts  of  heredity.  The  child  died  eventually  of  exhaustion, 
aud  the  examination  was  made  the  following  day. 

Post-mortem  ExamtTiation,  Dec.  8,  1892. 

GeTieral  Appearances, — Body  emaciated ;  no  observable  deformity ; 
slight  general  lividity,  especially  back,  hands,  and  feet.  Ears, 
features,  limbs  fairly  symmetrical. 
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Abdomen. — Except  for  some  marked  lobulation  in  the  kidneys,  the< 
organs  of  the  abdomen  presented  no  alteration. 

Thorax, — On  opening  the  thorax,  the  heart  was  seen  lying  in  its 
normal  position,  but  showed  a  considerable  increase  in  the  size  of  the 
right  ventricle,  which  passed  1^  inch  to  the  right  of  the  middle  line 
of  the  body.  The  left  border  lay  almost  in  the  left  nipple  line,  just 
internal  to  it  and  behind  the  fifth  rib. 

The  lungs  were  somewhat  retracted,  but  not  markedly  so,  over- 
lapping the  right  and  left  borders  to  a  slight  extent. 

The  right  ventricle  occupied  almost  the  whole  anterior  surface  of 
the  heart ;  the  left  ventricle  appearing  as  a  narrow  rim  at  the  left 
border. 

From  the  base  of  the  heart  arose  one  large  vessel,  lying  immediately 
l)ehind  the  left  edge  of  the  sternum,  about  the  level  of  the  3rd  car- 
tilage, or  a  little  higher.  It  passed  almost  vertically  upwards,  with 
a  slight  inclination  to  the  right,  and  then  bent  sharply  round  and 
backwards  to  the  left.  This  was  evidently  the  aorta,  and  apparently 
rose  from  the  right  ventricle.  No  other  vessel  was  apparent  without 
disturbing  the  relations  of  the  organ. 

The  right  auricle  was  greatly  enlarged,  and  curved  round  the  base 
of  the  vessel  referred  to ;  the  left  auricle  was  very  small,  its  top  beiug 
only  just  apparent ;  partly  overhung  by  lung. 

On  displacing  the  lungs,  and  more  minutely  examining  the 
structures,  a  second  vessel,  evidently  the  pulmonary  artery,  could  be 
seen  lying  directly  posterior  and  slightly  to  the  left  of  the  anterior 
vessel  (aorta).  This  vessel  also  passed  almost  vertically  upwards, 
and  soon  bifurcated  in  the  usual  manner  of  the  pulmonary  artery. 
Just  before  the  bifurcation  occurred,  the  vessel  was  connected  to  the 
under  surface  of  the  aorta  by  a  narrow  ductus  arteriosus. 

No  abnormality  was  detected  in  the  distribution  of  either  vessel, 
nor  in  the  vensB  cavse,  nor  the  pulmonary  veins,  nor  in  the  vessels  of 
the  rest  of  the  body,  so  far  as  examined. 

The  heart  was  removed  from  the  body  with  the  lungs  attached. 

The  lungs  were  somewhat  small  and  collapsed  at  their  lateral 
aspects.  These  changes  were,  however,  evidently  recent.  There 
were  no  areas  of  congenital  atelectasis. 

External  Examination  of  Heart  and  Vessels. 

Vessels. — The  aorta  rose  from  the  left  superior  and  anterior 
angle  of  the  right  ventricle,  and  passed,  as  above  described, 
almost  vertically  upwarda  From  its  left  base  rose  the  anterior 
coronary  artery,  which  then  travelled  towards  the  apex  of  the 
heart,  parallel  to  the  septum.  The  posterior  coronary  artery 
rose  posteriorly  and  to  the  right,  between  the  root  of  the  aorta 
and  the  root  of  the  right  auricle.  It  was  distributed  mainly  to 
the  posterior  aspect  of  the  right  ventricle. 
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The  aorta  was  otherwise  normal  in  appearance ;  it  measured 
1*5  cm.  in  breadth. 

The  innominate  vessel  arose  from  the  front  of  the  aorta»  at 
a  distance  of  2*8  cm.  from  the  root  of  the  aorta. 

The  left  ca/rotid  arose  3  mm.  from  the  innominate,  while  the 
left  subclavian  arose  5  mm.  from  the  carotid. 

Immediately  beyond  the  last  vessel,  but  on  the  lower  border, 
the  ductus  arteriosus  joined  the  aorta. 

The  pyZmona/ry  artery  arose  immediately  behind  the  aorta, 
and  very  slightly  to  the  left.  It  had  an  almost  vertical  direction 
to  its  division,  and  measured  2  cm.  in  length.  The  ductus 
arteriosus  sprang  from  the  right  upper  end,  just  before  the  bifur- 
cation of  the  artery. 

There  was  no  other  abnormality  of  the  vessel. 

Ihictua  arterio8ti8  measured  1*6  cm.  in  length;  admitted* 
No.  2  catheter..  It  was  pervious  throughout.  The  aortic  end 
was  larger  than  the  pulmonary.  (Aortic,  4  mm.  broad;  pul- 
monary, 25  mm.) 

Superior  vena  cava,  1*3  cm.  bioad  where  it  joined  the  right 
auricle.  It  showed  no  abnormality.  Inferior  vena  cava  and 
pulmonary  veins  normal. 

Heart,  measured  transversely,  62  cm. ;  vertically,  68  cm. 

Auricles — right,  markedly  hypertrophied  and  dilated  Ex- 
treme length,  4*5  cm. ;  breadth,  21  cm. ;  appendix,  1'5  cm.  in 
length. 

The  wall  was  thickened,  the  columnse  cameas  being  in  some 
parts  4  mm.  broad ;  even  in  the  appendix  the  columnae  were 
very  prominent. 

The  foramen  ovale,  though  evident,  was  impermeable. 

Left  auricle, — Length,  2*5  cm.;  breadth,  1*3  cm. 

Appendix. — Length,  1*2  cm.;  breadth,  4  mm.  Much  dimin- 
ished in  size.  Contrast  with  right  auricle  marked  Walls 
thin  and  transparent.     Columnse  carnese  small  and  flat. 

Ventriclea, — On  opening  the  ventricles  in  the  usual  way.  a 
deficiency  was  found  to  exist  in  the  interventricular  septum, 
lying  in  the  middle  from  before  backwards,  and  in  the  upper 
third  of  the  septum  from  above  downwards. 

Bigkt  ventricle. — Length,  37  cm.;  breadth  of  muscular  wall 
3  mm.     There  was  obviously  great  hypertrophy  of  the  wall,  and 
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some  increase  in  the  chamber.  The  size  equalled  apparently 
that  of  the  left  ventricle.  The  columnaa  came»  were  very 
prominent,  and  the  papillsB  somewhat  hypertrophied.  The 
auriculo-ventricular  orifice  lay  in  its  normal  position,  while  at 
the  anterior  and  left  corner  of  the  chamber  lay  the  aortic 
orifice.  In  the  septum  was  evident  the  deficiency  i-eferred  to, 
somewhat  anterior  to  the  tricuspid  orifice,  but  quite  posterior  to 
the  aortic  orifice.  The  edges  of  the  deficiency  were  smooth 
and  somewhat  bevelled,  while  at  its  lower  edge  two  chordsB  of 
the  left  tricuspid  segment  were  attached  by  a  small  musculus 
papillaris. 

Tricuspid  valve, — Segments  normal  in  number  and  position. 
There  was  a  slight  adhesion  between  the  margins  of  the  left 
and  anterior  segments,  but  hardly  more  than  is  not  unfrequently 
seen  in  the  heart  at  this  age.  Except  for  the  attachment  to 
the  lower  edge  of  the  septal  deficiency,  the  valve  presented  no 
abnormality. 

The  aortic  valve  lay  anteriorly,  immediately  to  the  right 
of  the  well-marked  anterior  septum  ventriculi  The  cusps  were 
normal  in  place  and  form. 

Left  ventricle, — Length,  3*5  cm.;  breadth  of  wall,  8*5  mm. 
Almost  equal  in  size  to  right  ventricle,  but,  internally,  columusB 
less  evident;  no  obvious  hypertrophy.  The  septal  wall  was 
strikingly  smooth,  especially  for  distance  of  1*5  cm.  around  the 
deficiency,  which  is  still  more  evident  from  this  chamber. 

The  av/ricuio^entricvla/r  orifice  lay  in  its  normal  posi- 
tion posteriorly,  but  the  pulmonary  artery,  which,  as  above 
described,  arose  from  the  left  ventricle,  was  placed  at  its  origin 
close  to  the  septum,  immediately  anterior  and  to  the  left  of 
the  anterior  cusp  of  the  mitral  valve,  and  with  the  right  wall 
of  the  artery  in  the  same  plane  with  the  septum  of  the 
ventriclea 

Mitral  valve  consisted  of  two  segments,  normal  in  position, 
size,  and  attachments.  In  addition,  however,  on  the  anterior 
aspect  of  the  anterior  segment  were  two  irregular  attachments, 
(I)  by  a  thin  chorda  tendinea  to  the  left  surface  of  the  inter- 
ventricular septum,  midway  between  base  and  apex,  and  (2)  a 
short,  thick  chord  attached  to  anterior  lip  of  the  deficiency  of 
the  septum. 
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There  is  also  a  thick  band  passiiig  behtud  the  latter,  bnt 
parallel  to  it     Its  aaterior  margin  is  free,  but  posteriori;  it  ia 


L.  V. 


Heart,  with  Left  Tentricle  and  Pnlmonary  Artery  opened,  wen  from 
Left  aide.     From  >  photograph. 


A.  Aorta  uMng  from  right  rentricle. 

P.  A.  Pulmomiry  artery  uiaing  from 
left  veotricle. 

P.V.  Segment!  of  pnlmonary  srtcr;: 
right.  Men  in  entire  length ;  left, 
on  reflected  wall  of  artery. 


S.  Hembranoni    Mptam,  with    tw« 
fibroid  Dodnlei  attached. 

P.  Foramen   leading  into  right  ven- 
tricle ;  through  the  apertare  is  aeen    , 
a  portion  of  the  tricnapiil  Talfe^ 

L.V.  Left  ventricle. 

M.  Mitral  valve. 


coDtiDuous  with  a  fleshy  ridge  which  suites  it  to  the  septum 
aad  to  the  valve. 
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Septu/m  ventricidi  regular  and  well-formed  in  all  parts 
except  at  a  spot  lying  immediately  below  the  palmonaiy  artery, 
where  a  large  aperture  exists. 

This  defect  or  foramen  lies  1*2  cm.  distant  from  the  anterior 
surface  of  the  heart,  and  1*5  cm.  from  the  posterior.  It  further 
lies  immediately  below  the  plane  of  the  auriculo-ventricular 
septum.  The  mitral  and  tricuspid  orifices  lie  ou  each  side,  but 
somewhat  posterior;  the  aortic  quite  anteriorly  and  on  the 
right ;  while  the  pulmonary  is  directly  above,  to  the  left. 

The  foramen  is  quadrilateral  in  shape ;  the  opposite  margins 
are  parallel,  the  upper  being  parallel  to  the  plane  of  the  auriculo- 
ventricular  septum. 

The  anterior,  posterior,  and  inferior  margins  are  thick  and 
muscular ;  the  superior  is  formed  of  a  thin  membrane  3  mm.  in 
depth  which  projects  downwards  from  the  auriculo-ventricular 
septum. 

On  the  left  aspect  of  this  membrane  are  sibuate  three 
rounded  or  oval  bodies,^  about  the  size  of  hempseeds  or  larger, 
sessile,  firm,  and  covered  by  same  membrane  as  that  on  which 
they  are  situated.  A  similar  but  smaller  nodule  lay  on  the 
anterior  aspect  of  the  anterior  cusp  of  the  mitral  valve,  below 
the  anomalous  chordae  (i.)  (ii.)  (iii.)  above  referred  to.  Behind 
this  nodule  lay  a  small  canal,  which  passed  to  the  left  auricle  to 
a  spot  above  and  to  the  right  of  the  anterior  cusp  of  the  mitral 
valve. 

The  pulmonary  artery  exhibited  only  two  valves  of  equal 
and  normal  size.  Tested  carefully  by  water,  seemed  quite 
competent.  The  valves  lay  almost  right  and  left;  they  were 
of  normal  size,  and  at  the  left  extremity  were  attached  in  the 
usual  manner.  At  the  right,  however,  they  were  separated 
slightly,  about  1-1*5  mm.  Across  this  gap  stretched  a  thin 
membrane,  continuous  with  the  tissue  of  the  cusps,  which  was 
somewhat  thickened  and  reddened  at  that  part,  especially  at 
their  free  margins.  Within  this  space  a  deep  depression  ex- 
isted, which  led  downwards  and  forwards  towards  the  right 
ventricle,  but  whose  exit  was  blocked.  The  right  wall  of  the 
artery,  to  which  these  cusps  were  united,  passed  directly  down- 

1  On  microscopic  examination,  the  strnctnre  of  these  bodies  was  composed  of 
fibrous  tissue,  with  numerous  nuclei. 
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wards  into  the  membrane  referred  to.  But  the  nodules  above 
described  had  no  apparent  connection  with  the  thickening  of 
the  pulmonary  valves. 

The  diameters  of  the  orifices  were — aorta,  *35  in. ;  tricoFpid, 
*45  in. ;  foramen,  *4  in. ;  pulmonary,  *22  in. ;  mitral,  *35  in. 
All  the  valves  were  competent. 

Remarks. — Congenital  defects  of  the  heart  may  be  roughly 
divided  into  two  groups — ^those  which  are  due  to  an  arrest  at ! 
development  at  some  particular  stage  of  embryonic  life,  and  : 
those  which  are  caused  by  a  radical  perversion  of  the  normal 
relations  of  parts. 

For  example,  patency  of  the  ductus  arteriosus  is  a  normal 
condition  up  to  the  time  of  birth :  its  persistence  afterwards  is 
thus  merely  a  normal  event,  becoming  a  permanent  eonditioa 
On  the  other  hand,  a  transposition  of  the  vessels,  «.gr.,  the  aorta 
arising  from  the  right  ventricle,  is  at  no  time  an  event  of 
normal  intra-uterine  life.  Hence  such  a  condition  must  be  placed 
in  quite  a  separate  category. 

But  obviously  the  two  classes  are  not  mutually  exclusive; 
since  the  presence  of  one  of  the  latter  conditions  may  cause  the 
appearance  of  one  of  the  former.  And  we  may  therefore  add 
a  third  class,  in  which  part  of  the  condition  is  normal  and  part 
abnormal  in  origin. 

With  regard  to  the  case  here  described,  we  have,  to  sum  up 
shortly,  to  explain  the  following : — 

(a)  Transposition  of  the  vessels. 

{b)  Stenosis  and  malformation  of  the  pulmonary  artery. 

(c)  Patency  of  ventricular  septum. 

(d)  Patency  of  ductus  arteriosus. 

(e)  Hjrpertrophy  of  right  heart. 
It  is  at  once  obvious  that  the  presence  of  patency  of  the 

ductus  arteriosus  and  of  the  septum  ventriculi  bring  the  condi- 
tion under  the  first  group  of  defects ;  while  the  stenosis  of  the 
pulmonary  artery  and  the  transposition  of  the  vessels  would 
include  it  in  the  second.  The  co- existence  of  these  abnormalities 
entitles  us  to  place  it  under  the  third  or  mixed  group. 

In  order  to  explain  the  origin  of  these  conditions,  brief  refer- 
ence must  be  made  to  the  leading  facts  of  development  The 
heart  of  the  embryo  is  at  a  very  early  stage  a  tube  bent  upon 
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itself  like  a  horseshoe,  and  is  divided  into  three  chambers — 
atrium,  ventricle,  and  bulb,  by  transverse  constrictions.  The 
further  development  of  the  atrium  need  not  be  referred  to  here ; 
but  that  of  the  ventricle  and  bulb  is  of  extreme  importance. 

The  bulb  becomes  bent  upwards,  and  applied  to  the  anterior 
aspect  of  the  ventricles.  At  its  upper  end  the  balb  becomes 
continuous  with  the  branchial  arches. 

Within  the  ventricles  a  muscular  septum  grows  from  its  lower 
aspect  and  from  the  anterior  and  posterior  walls,  and  advances 
upwards  towards  the  point  at  which  the  cavity  of  the  ventricles 
becomes  continued  into  that  of  the  bulb.  This  septum  is  not 
at  once  complete,  but  permits  of  the  pstssage  of  blood  from  one 
ventricle  to  another  for  some  time. 

The  bulb  now  divides :  the  septum  bulbi  starts,  according  to 
some  authors  (His  and  Born),  from  two  opposite  points,  on  the 
left  or  posterior,  and  right  or  anterior  walls,  which  advance  to 
meet  each  other,  or,  according  to  Bokitansky,  from  a  single  point 
on  the  left  or  posterior  wall  alone. 

The  septum  bulbi  starts  above  from  the  point  of  origin  of  the 
5th  branchial  arch,  and  stretches  downwards  till  it  meets  the 
septum  ventriculi. 

But,  owing  to  the  continuation  of  the  slow  twisting  move- 
ment of  the  original  vascular  tube,  which  primarily  threw  the 
heart-proper  into  a  horseshoe  shape,  the  bulb  becomes  spirally 
twisted  upon  itself.  So  that,  while  the  septum  divides  the  bulb 
above  into  anterior  and  posterior  vessels,  below  the  relation  of 
the  resulting  vessels  is  right  and  left. 

The  anterior  and  right  of  these  vessels  is  the  pulmonary 
artery,  the  posterior  and  left  is  the  aorta. 

The  septum  bulbi  joining  the  ventricles  comes  to  coincide 
with  the  septum  of  the  ventricles ;  and  the  previous  deficiency 
in  the  septum  ventriculi  then  becomes  closed  in  a  twofold 
manner,  by  prolongations  from  (1)  the  septum  bulbi,  and  (2)  the 
endocardial  cushions,  forming  the  auriculo- ventricular  septa. 
Subsequently,  thickenings  occurring  in  the  base  of  the  vessels  so 
divided,  give  rise  to  the  valves  of  the  aorta  and  pulmonary 
artery. 

Applying  these  facts — which  have  been  gathered  from  the 
researches  of  His,  Bom,  Lindes,  and  von  Bokitansky — to  the 


472  MR  GORDON  SANDERS. 

particular  case,  it  is  easy  to  understand  how  part  at  any  rate  of 
the  defects  may  have  arisen.  If  there  occur  any  obstructioii  at 
the  pubnonary  orifice  after  that  vessel  is  formed,  but  before  the 
septum  ventriculi  has  closed,  we  can  easily  comprehend  the 
sequence  of  events.  The  narrowing  of  the  puhnonary  orifice 
obstructs  the  current  of  blood  passing  from  the  related  ventricle. 
The  stream  will,  therefore,  tend  to  pass  through  the  aperture  of 
the  septum  ventriculi,  and  flow  through  the  aorta.  Hence  oocars 
the  persistence  of  the  patency  in  that  septum,  and  hence  results 
the  hypertrophy  of  the  ventricle  related  to  the  aorta. 

Again,  the  patency  of  the  ductus  arteriosus  is  explained  alsa 
The  same  obstruction  to  the  outflow  of  blood  by  the  pulmonaiy 
artery  to  the  lungs  will  after  birth  render-  the  flow  of  blood 
from  the  aorta  by  the  ductus  still  possible,  and  indeed  imperative. 

But  when  we  come  to  explain  the  origin  of  the  transposition 
of  the  vessels,  and  the  stenosis  of  the  pulmonary  artery,  we  are 
in  much  greater  difficulty. 

The  evident  theory  that  an  intra-uterine  inflammation  occurred 
in  the  pulmonary  orifice,  accounts  indeed  for  the  narrowing  of 
the  vessel  and  the  obliteration  of  one  of  the  cusps ;  but  it  does 
not  account  for  the  transposition.  All  authors  admit  the  difficulty, 
but  most  suggest  it  is  due  to  original  mal-position  of  the  septum 
bulbi,  which  arising  too  anteriorly,  brings  the  vessels  into  union 
with  the  opposite  ventricles.  They  suppose  the  inflammation 
to  be  the  result,  and  not  the  cause,  of  the  mal-position. 

But  there  are  obvious  difficulties  in  the  way  of  accepting  such 
a  view,  and  to  fix  the  cause  as  mal-position  ia  merely  putting 
the  question  a  step  further  back.  Organisms,  like  crystals, 
apparently  tend  to  develop  according  to  an  undeviating  pattern, 
unless  some  extrinsic  force  disturbs  their  evolution.  Moreover, 
in  conditions  such  as  the  one  described,  the  absence  of  the  normal 
twist  of  the  aorta  and  pulmonary  arteries  at  the  base  of  the  heart, 
often  so  marked  a  feature  in  young  children,  was  very  evident 

Other  questions  of  equal  difficulty  and  importance  arise  in  this 
connection.  For  instance,  as  regards  the  patency  in  the  septum. 
Most  English  authors  assume  that  it  is  the  undefended  space — 
or  pars  membranacea  septi — that  is  deficient.  Space  forbids  a 
full  examination  of  this  point,  but  one  authority  at  least, 
Bokitansky,  has  very  definite  views  against  this.     He  asserts 
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t^hat  in  most  cases  it  is  the  part  of  the  septum  anterior  to  the 
pars  membranacea  which  is  deficient.  And  in  those  cases  where 
1>he  pars  membranacea  is  pervious,  the  condition  is  due  to  a  real 
perforatiou  by  aneurism,  or  otherwise,  of  a  membrane  previously 
formed,  not  a  defective  formation. 

Again,  the  origin  of  this  pars  membranacea  is  interesting,  and 
ctlso  the  subject  of  controversy.  Its  consideration,  however, 
iwould  lead  too  far  in  the  direction  of  embryology  for  the  object 
of  this  paper. 

The  literature  on  the  subject  is  extensive  both  in  English 
and  German,  though,  curiously,  little  space  is  afforded  to  it  in 
most  text-books  of  medicine. 

Peacock's  well-known  work  gives  excellent  information,  both 
clinical  and  pathological,  with  a  full  account  of  the  earlier  litera- 
ture of  the  subject.  But  writing  at  a  time  when  embryology 
was  still  in  its  infimcy,  his  remarks  on  etiology  have  somewhat 
lost  their  value. 

The  recent  work  of  Bokitansky  is  of  extreme  importance  ; 
but  his  views  seem  hardly  to  have  received  the  recognition  they 
deserve  in  this  country.  Many  of  the  points  luiaed  in  his  mono- 
graph have  been  discussed  in  short  papers  by  Preisz  and  others. 

The  following  are  among  the  more  important  references  to 
recent  works  on  the  subject : — 

LIST  OF  REFERENCES. 

1.  Pkacoge,  "Malformations  of  Human  Heart,"  London. 

2.  RoKiTANSKY,  ''Die  Defecte  des  Scheidewande  des  Herzens," 

Wien,  1875. 

3.  Rauchfuss,  "  Gerhardt's  Handbuch  f.  Kinderkrank,"  voL  iv. 

4.  His,  "Anat.  menschlicher  Embryonen,"  1885. 

5.  LiNDBS,  "Beitrag  zur  Entwickelungsgeschicte  des  Herzens," 

1865. 

6.  Born,   "  Entwickelung  des  Saiigerthier-herzens,"  Archiv,  /. 

mikros.  Amt,  Bd.  33,  1889. 

7.  Gbbbnfibld,  Joum.  Avat,  and  Phy8,y  1890. 

8.  Krztwicki,  ''  Das  septum  membran.  ventric.  cordis/'  Ziegler^s 

Beitrage^  vol.  vi.  p.  463. 

9.  Max  Mann,  %hid,y  p.  485. 

10.  Hugo  Prbisz,  Ziegler's  Beitr&ge^  voL  vii. 


THE  STRUCTURAL  CHANGES  OBSERVED  IN  THE 
TESTICLES  OF  AGED  PERSONS.  By  Joseph 
Griffiths,  M.A.,  M.D.,  F.R.C.S.,  Assistant  to  the  Prof^sot 
of  Surgery  in  the  University  of  Garnhridge,     (Plate 

xxm.) 

DUBINO  the  last  two  years  I  have  collected  and  examined 
microscopically  numerous  testicles  removed  from  persons  of 
different  ages  between  fifty  and  eighty  years. 

This  was  done  with  the  object  of  determining,  if  possible, 
what,  if  auy,  are  the  changes  that  this  organ  undergoes  in  the 
aged,  and  whether  it  is  naturally  subject  to  a  regular  process  of 
decay  similar  to  that  affecting  the  mammary  gland  after  the 
cessation  of  the  menstrual  function. 

Such  structural  changes  as  would  indicate  a  natural  process 
of  decay  arise  in  the  testicles;  but  the  time  at  which  such 
changes  begin  to  manifest  themselves  varies  within  wide  limits. 
For  in  some  men  the  testicles  show  the  initial  changes  of  this 
decay  and  loss  of  secreting  function  soon  after  the  age  of  fifty 
years,  while  in  others,  at  the  age  of  seventy  or  more,  the 
testicles  are  in  full  vigour  and  actively  producing  and  reproducing 
spermatozoa.  Therefore,  there  is  no  such  fixed  date  beyond 
which  the  testicle  may  be  said  to  be  in  its  natural  process  of 
decay,  as  can  be  said  of  the  mammary  gland  in  the  female 
Hitherto  but  little  attention  has  been  paid  to  this  subject, 
although  anatomists  have,  from  time  to  time,  established  by 
measurement  and  weights  the  fact  that  the  organ  tends  to 
diminish  in  old  age ;  and,  besides  the  researches  of  Arthaud,^ 
there  is  no  account  of  the  histological  changes  that  arise  in  the 
testicle  and  epididymis  in  old  age. 

Curling^  seems  to  have  been  the  first  to  give  a  definite 
description  of  the  changes  that  occur  in  the  testicle  during  and 
as  a  consequence  of  old  age.     These  are  his  words : — 

"  And  that  as  old  age  advances  and  the  generative  functions 

^  l^tude  8u,r  U  testicle  senile,  Paris,  1885. 
'  Diseases  of  the  Testis,  4th  ed. 
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cease  to  be  called  into  action,  they  [testicles]  undergo  a  diminu- 
tion in  size,  their  vessels  grow  less,  and  the  seminiferous  tubules 
become  small,  contracted,  and  partially  obliterated,  their  place 
being  supplied  by  fatty  matter."  In  a  foot-note  he  makes  the 
following  additioual  remark : — "  In  the  testicles  of  old  men  the 
tubules  are  commonly  found  loaded  with  a  dark  granular  sub- 
stance, the  result  of  fatty  degeueration." 

No  other  person  seems  to  have  paid  much  attention  to  this 
subject  until  Arthaud,  who,  in  1886,  published  a  thesis  on  the 
senile  changes  in  the  testicle.  After  describing  briefly  the 
changes  that  arise  in  the  testicle  during  old  age,  he  devotes  his 
attention  chiefly  to  the  cystic  formations  that  ai*e  found  in  many 
old  persons  in  the  globus  major,  or  head  of  the  epididymis. 
I  may  return  to  these  and  the  like  cysts  in  this  neighbourhood 
in  a  subsequent  paper. 

The  changes  that  I  have  found  in  the  testicles  are  the  follow- 
ing : — The  bulk  of  the  organ  is  in  most  cases  not  much  altered, 
though  ia  some  it  is  so  cousiderably,  and  I  have  now  under  my 
care  a  man  above  ninety  whose  testicles  are  of  quite  the  usual 
size.    They  usually  become  softer  and  more  flaccid,  and  their 
tuuics  tend  to  become  wrinkled  as  if  too  large  for  their  contents. 
The  internal  structure,  in  those  instances  that  are  not  much 
reduced  in  size,  is  either  soft  and  yellowish,  or  granular  and 
somewhat  more  firm  than  natural,  the  seminal  tubules  being  less 
easily  disentangled ; — those  instances  in  which  the  body  of  the 
testicle  is  much  reduced  in  size  there  are  large  irregular-shaped 
fibrous  patches  here  and  there,  apparently  containing  no  semi- 
nal tubules.     The  epididymis  retains  its  normal  size  to  the 
testicle ;  but  commonly,  in  small  well-defined  areas,  its  tubules 
(coui  vasculosi)  are  of  a  yellowish  colour,  like  those  of  the 
seminal  tubules ;  and  occasionally  in  these  altered  patches,  and 
also  in  other  tubules  of  the  head  of  the  epididymis,  are  minute, 
translucent  cysts,  holding  clear  fluid  devoid  of  spermatozoa. 
This  yellowish  appearance  in  the  tubules  of  both  testicle  and 
epididymis  is  due  to  fatty  degeneration  of  the  epithelial  con- 
tents of  the  tubules ;  and  when  the  fatty  change  is  observed  in 
the  one  part  it  is  usually  present  in  the  other.    Thus  the  chief 
and  commonest  change  met  with  in  the  testicles  of  the  aged,  so 
fai*  as  can  be  determined  by  the  naked  eye,  is  fatty  transforma- 
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tion  of  the  epithelial  contents  of  the  seminal  tubules,  and  thb 
applies  equally  to  the  epididymis ;  but  occasionally  testicles  are 
found  that  show  transformation  of  their  internal  structure  into 
patches  of  fibrous  connective  tissue,  which  are  of  irregular  shafe 
and  size,  and  sometimes  these  replace  the  greater  part  of  the 
tubular  structure. 

Before  describing  the  microscopic  changes  in  the  testicle  of 
the  aged,  it  may  be  well  to  give  an  account  of  the  minute 
structure  of  the  tubules  as  they  may  be  usually  found  in  the 
normal  human  adult  testicles ;  for  purposes  of  comparison  with 
the  other  figures  a  section  has  been  drawn  to  illustrate  this 
(see  fig.  1). 

The  normal  seminal  tubules  are  surrounded  by  a  thin  layer  or 
tissue,  "  tunica  propria,"  which  is  composed  of  two  or  more  layers 
of  flattened  connective-tissue  cells  with  rod-like  nuclei,  or  in  some 
instances,  of  several  layers  of  such  cells  with  a  small  amount  of 
intervening  fibrous  connective  tissue.  The  epithelium  within 
this  tunica  propria  is  arranged  thus : — 

Lining  the  *'  tunica  "  is  a  continuous  layer  of  small  cubical  cells 
with  round  nuclei,  and  not  much  protoplasm ;  several  of  these 
nuclei  may  be  seen  in  the  process  of  division,  or  of  having 
divided  into  two  nuclei  which  still  remain  side  by  side ;  within 
this  outer  layer  there  are  at  least  two  strata  of  much  larger 
cells  that  have  large  nuclei  which  are  occupied  with  a  network 
of  thread-like  filaments ;  the  protoplasm  is  large  in  amount,  and 
often  finely  granular.  In  many  of  the  nuclei  of  the  innermost 
stratum  of  these  cells  the  heads  of  the  spermatozoa  are  clearly 
visible,  and  these  are  arranged  with  their  long  axes  towards  the 
lumen.  Occupying  the  lumen  of  the  tubule  are  numerous 
spermatozoa  scattered  irregularly,  and  between  them  granular 
debris  and  a  few  partially  degenerated  firee  cells. 

Connecting  these  tubules  together  is  a  small  amount  of 
delicate,  loose,  fibrous  connective  tissue,  in  which  there  are  a 
few  interstitial  cells,  and  in  which  the  vessels  and  nerves 
lie.  The  connection  of  this  tissue  with  the  tunica  albuginea 
on  the  one  hand,  and  with  the  tissue  of  the  rSte  testis  on  the 
other,  is  quite  familiar,  and  therefore  needs  no  comment. 

A  microscopic  examination  of  that  variety  of  the  testicles  of 
the  aged  which  ia  the  commonest,  and  in  which  the  organs  are 
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not  much  reduced  in  bulk,  indicates  two  distinct  stages  in  the 
retrogressive  or  involution  changes  in  this  organ.  The  accom- 
panjdug  drawings  (figs.  2-5)  have  been  selected  with  a  view  to 
illustrating  these  stagea 

In  the  earlier  of  these  two  stages  the  changes  in  the  tubules, 
both  of  the  testicle  and  of  the  epididymis,  are  but  slight,  except 
that  &tty  degenemtiou  of  the  epithelial  cells  filling  the  seminal 
tubules,  or  as  in  the  epididymis  lining  them,  is  more  or  less 
pronounced.  In  fig.  2,  transverae  sections  of  a  seminal  tubule  and 
a  part  of  another  are  shown,  in  which  there  is  entire  absence  of 
the  formation  of  spermatozoa  in  the  cells  and  of  spermatozoa  in 
the  interior ;  and  there  is  a  diminution  in  the  number  of  the 
layers  of  cells  lying  within  the  continuous  peripheral  one.  The 
most  central  cells  are  large  and  irregular  in  shape ;  in  some  of 
these  there  is  a  large,  clear,  ring-like  space  around  the  nucleus, 
which  is  large  and  highly  granular,  but  not  showing  the  threads 
of  division.  The  protoplasm  of  the  cells  is  ill-defined  and  slightly 
granular,  the  granules  being  composed  of  fat.  The  degree  of 
this  fatty  degeneration  is  most  prououuced  in  the  cells  lying  just 
within  the  outer  peripheral  layer,  in  which  latter  degenerative 
changes  are  very  slight  (see  fig.  2).  In  the  more  central  cells 
the  degeneration  is  also  not  so  marked,  but  this  may  be  due  to 
the  fact  that  more  complete  disintegration  of  the  protoplasm  of 
the  cells  has  taken  place,  and  that  the  granules  of  fat  have 
either  escaped  into  the  lumen,  from  where  they  would  have 
fallen  out  in  the  prepamtion  of  the  section,  or  have  been 
absorbed  In  addition  to  this  change,  which  is  universal 
throughout  the  gland,  there  is  another  which  accompanies  it. 
It  is  the  thickened  and  convoluted  state  of  the  tunica  propria. 
In  the  normal  testicle  the  tunica  propria  is  a  very  thin  mem- 
brane, composed  as  a  rule  of  a  single,  or  at  most  two,  layer  of 
cells,  with  a  slight  amount  of  intervening  fibrous  connective 
tissue ;  whereas,  in  the  testicles  of  old  men,  this  membrane 
becomes  several  times  thicker  than  its  original,  and  also  becomes 
more  fibrous  in  character.  The  convoluted  disposition  of  this 
membrane  corresponds  with  the  diminution  in  the  epithelial 
contents  of  the  seminal  tubules.  There  seems  to  be  no  increase 
in  the  intertubular  connective  tissue,  but  there  is  fatty  degenera- 
tion of  a  few  of  the  connective-tissue  cells,  and  of  those  cells  that 
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may  be  regarded  as  the  remains  of  the  peculiar  iTUerstiiial  cells 
of  this  orgau. 

In  the  epididymis  the  tubules  are  smaller  than  natural,  and 
are  bound  together  by  intertubular  connective  tissue,  which  is 
here  denser  and  more  fibrous  than  natural  Most  of  the  tubules 
are  empty,  a  few  containing  a  mass  or  plug  of  granular  and  fatty 
debris,  in  which  there  may  be  seen  a  few  heads  of  persistent 
spermatozoa.  The  columnar  epithelium,  naturally  lining  the 
tubules  at  this  part,  has  lost  its  regularity  of  form  and  arraDge- 
ment,  as  well  as  its  cilia ;  and  the  cells  are  reduced  in  size,  and 
partially  filled  with  fat  granules  which  are  mainly  disponed 
towards  the  attached  or  basal  part  of  the  cells,  and  which,  in 
consequence,  obscure  the  nucleus  (see  fig.  3).  The  walls  of  the 
tubules, whichjUnlikethoseofthesemiual  tubules,arein  the  normal 
state  mainly  composed  of  layers  of  non-striped  muscular  fibres,  are 
transformed  in  part,  if  nob  wholly,  into  fibrous  connective  tissue — 
the  muscle  cells  having  disappeared,  while  the  connective  tissue 
increased  and  replaced  them.  This  altered  wall  of  the  tubule 
merges  without  any  line  of  distinction  into  the  intertubular 
connective  tissue,  which  is  in  all  these  cases  dense  and  fibrous, 
and  very  unlike  the  loose  connective  tissue  found  in  this  situa- 
tion earlier  in  life. 

The  next,  or  second,  stage  of  degeneration  is  well  illustrated 
in  figs.  4  and  5.  The  changes  are  mainly  confined  to  the 
testicle,  the  structural  alterations  of  this  stage  in  the  epididymis 
being  but  an  exaggeration  of  those  described  in  the  first  stage. 
In  the  testicle  the  seminal  tubules  are  much  reduced  in  size, 
the  epithelium  having  in  great  part  disappeared,  while  the 
tunica  propria  has  acquired  considerable  thicknesa;  the  inter- 
tubular connective  tissue  is  relatively  increased,  and  it  often 
presents  numerous  cells,  and  is  loose  in  texture.  In  fig.  4  the 
changes  that  the  tubules  have  undergone  may  be  studied. 
There  is  only  a  single  layer  of  cells  which  appear  to  be  long 
columnar  cells,  arranged  in  a  somewhat  radial  fashion,  con* 
verging  towards  the  centre  of  the  tubule.  These  cells,  which 
evidently  represent  the  single  layer  of  cubical  cells  lying  on  the 
inner  surface  of  the  tunica  propria  of  a  normal  tubule,  have 
large  roundish  nuclei,  which  are,  almost  without  exception, 
surrounded  by  a  clear  ring-like  space,  and  are  placed  near  the 
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attached  end  of  the  cella  The  protoplasm  is  delicately  fibrillated, 
the  fibrils  corresponding  with  the  long  axis  of  the  cell,  i.e.,  running 
from  the  periphery  towards  the  centre  of  the  tubule.  Among 
these  cells  the  remains  of  a  few  further  degenerated  cells,  of  which 
the  nuclei  still  remain  the  protoplasm  having  disappeared,  m^y 
be  seen.  The  tunica  propria  is  much  thickened,  but  not  much 
convoluted.  Id  is  several  layers  in  thickness,  and  is  composed 
of  dense  fibrous  connective  tissue,  arranged  in  concentric 
lamellae. 

The  fibrillated  protoplasm  of  the  epithelial  cells  in  the  interior 
of  the  tubule  often  appears  at  first  sight,  as  if  it  were  a  con- 
tinuation, or  rather  a  prolongation,  inwards  of  the  fibrillated 
matrix  of  the  tunica  propria;  but  a  careful  examination  will 
not  fail  to  detect  a  sharply-defined  line  between  the  bases  of 
the  epithelial  cells  and  the  inner  layer  of  that  tissue. 

The  intervening  intertubular  connective  tissue  is,  as  has  been 
said  above,  relatively  increased,  is  cellular  and  loose.  The  cells 
it  contains  are  large  connective- tissue  cells,  with  highly  granular 
protoplasm  which  is  in  large  measure  transformed  into  fat 
granules.  These  cells  are  often  grouped  together  in  clusters  in 
the  angles  left  between  the  tubules. 

Between  these  two  stages  there  is  every  gradation,  as  may  be 
expected. 

The  external  appearance  of  the  testicles  is  no  sure  guide  to 
the  state  of  the  seminal  tubules ;  and  even  when  the  organs  are 
not  much  reduced  in  size,  the  structural  changes  in  their  essential 
constituents  may  be  profound. 

The  changes  that  arise  in  the  testicle  of  old  men  are  chiefly, 
as  one  would  expect,  confined  to  the  epithelium  of  the  seminal 
tubules.  It  diminishes  in  amount  from  fatty  and  other  disin- 
tegrative degenerations  of  the  cells  which  in  great  part  disappear, 
leaving  only  a  single  layer  of  columnar  cells  occupying  the 
lumen.  This  layer  of  cells,  there  can  hardly  be  any  doubt, 
represents  the  outer  cubical  layer  seen  in  the  normal  tubule ; 
but  why  the  cells  should  assume  columnar  shape,  and  their  proto- 
plasm show  such  distinct  fibrillation,  is  more  than  I  can  even 
attempt  to  explain.  Similar  structural  alterations  occur  in  the 
testicle  in  other  atrophic  conditions,  which  I  hope  shortly  to 
describe,  and  which  may  be  found  in  the  undescended  organ. 
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Besides  the  above,  I  have  found  amoug  the  testicles  ol 
the  aged,  one  in  which  the  testicles  are  much  reduced  iu  size 
and  their  tunics  much  wrinkled.  Both  organs  are  usually 
affected,  though  not  to  an  equal  degree.  If  these  be  first 
hardened  iu  alcohol  and  then  sliced,  it  will  be  observed  that  the 
internal  structure  of  the  organ  is  replaced,  in  patches  of  irregular 
size  and  shape,  by  fibrous  connective  tissue  which  appears  to 
contain  no  seminal  tubules.  These  patches  are  not,  so  far  as  I 
have  noted,  confined  to  any  particular  area,  but  are  scattered 
throughout  the  substance  of  the  gland.  Rarely  is  the  greater  part 
of  the  gland  thus  altered.  The  minute  structure  of  these  patches 
of  fibrous  connective  tissue  is  well  depicted  in  figs.  6,  7.  The 
seminal  tubules  contained  in  them  are  reduced  to  their  minioiam 
size,  and  the  intertubular  connective  tissue  is  increased,  dense 
and  fibrous.  In  each  tubule  the  lumen  is  narrow  and  fissure-like, 
with  many  radiating  branches  ;  in  some  of  these  fissures  remains 
of  the  epithelial  cells  still  persist,  as  seen  in  fig.  7.  The  tunica 
propria  of  the  tubules  is  thickened,  fibrous,  and  wavy.  Between 
this  and  the  fissure- like  lumen  is  a  thick  layer  of  almost  trans- 
parent, delicately  Gbrillated  matrix  of  fibrous  connective  tissue, 
in  which  there  are  interposed,  here  and  there,  a  few  flattened 
connective- tissue  cells.  It  is  the  manner  in  which  this  latter 
has  formed  that  gives  the  peculiar  branched,  fissure-like  lumen 
to  the  tubule. 

The  parts  of  the  gland  that  are  not  thus  transformed  into 
patches  of  fibrous-looking  tissue,  contain  seminal  tubules  that 
present  the  characters  of  the  tubules  found  in  either  the  first  or 
second  stage  in  the  commoner  variety  of  testicle  met  with  iu 
the  aged. 

Such  is  the  change  observed  in  the  small  and  atrophied 
testicles  of  old  men.  They  so  much  resemble  the  changes  met 
with  as  the  result  of  chroaic  inflammation,  that  I  have  some- 
times felt  disposed  to  attribute  them  to  that  causa 

Further,  the  vessels  in  the  stroma  of  the  testicles  of  the  aged 
have  been  carefully  examined,  but  they  show  no  other  than  the 
sclerotic  changes  so  commonly  found  in  the  vessels  of  other 
organs  and  tissues  in  elderly  persons. 
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Concbisions. 

In  the  testicles  of  the  aged,  two  distinct  stages  may  be 
recognised  in  the  process  of  involution  or  decay  to  which  they 
are  liable. 

In  the  one,  the  epithelium  of  the  seminal  tubules,  and  also 
that  of  the  tubules  of  the  globus  major  of  the  epididymis, 
undergoes,  more  or  less,  complete  fatty  degeneration  and  partly 
disappears,  the  tunica  propria  of  the  tubules  of  the  testicle 
becomes  somewhat  thickened,  but  the  intervening  intertubular 
connective  tissue  remains  practically  unaltered.  In  the  epidi- 
dymis the  muscular  wall  of  the  tubule  is  replaced  by  fibrous 
connective  tissue,  and  the  intertubular  connective  tissue  is 
increased,  dense,  and  fibrous.  In  the  other,  or  second  stage,  the 
seminal  tubules  are  much  reduced  in  size,  the  epithelium  having 
in  great  part  disappeared,  leaving  only,  in  many  instances,  a  single 
layer  of  long,  tapering,  columnar  cells,  lining  and  filling  the 
tubule, the  central  spermatozoa-producing  cells  having  completely 
disappeared,  while  the  tunica  propria  is  greatly  thickened  frofti 
proliferation  of  its  own  connective-tissue  cells  and  the  formation 
of  a  fibrous  matrix.  The  intertubular  connective  tissue  is  in 
this  second  stage  relatively  increased,  owing  perhaps  to  the 
diminution  in  the  size  of  the  seminal  tubules,  but  it  still  remains 
of  loose  texture,  and  contains,  as  in  the  normal,  many  con- 
nective-tissue cells.  The  epididymis  shows  no  other  changes  than 
those  incident  to  the  first  stage. 

Besides  the  above,  there  is  a  third  change,  which  is  more 
partial,  and  much  resembles  the  result  of  the  inflammatory 
process.  It  is  usually  observed  in  the  small  or  shrunken 
testicles  of  old  men,  and  afiects  both  organs.  In  the  altered 
patches,  the  seminal  tubules,  in  the  majority  of  instances,  are 
completely  transformed  into  fibrous  rods  or  cords  ;  but  in  some 
there  still  remain  in  the  central  fissure  that  represents  the 
original  lumen,  traces  of  epithelial  cells  derived  from  the  degene- 
rated cells  of  the  seminal  tubes.  The  intertubular  connective 
tissue  is  increased  in  amount,  and  converted  into  a  dense  fibrous 
variety. 
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EXPLANATION  OF  PLATE  XXIIL 

Fig.  1.  Section  of  a  portion  of  a  natural  seminal  tubule  from  the 
testicle  of  a  middle-aged  man.  Outside  is  the  tunica  propria^  ooior 
posed  of  fibrous  tissue,  in  which  there  are  a  few  flattened  coiinectiTe^ 
tissue  cells ;  within  this  a  continuous  layer  of  more  or  less  cubical 
cells,  with  large,  highly  granular  nuclei  and  clear  protoplasm; 
within  this  layer  two  or  more  layers  of  large  irregular-shaped  ceDs, 
the  nuclei  of  which  are  in  the  process  of  division,  preparatory  to  the 
formation  of  spermatozoa ;  and  still  within  these,  groups  of  developing 
spermatozoa  between  cells  which  are  evidently  breaking  down  and 
passing  into  the  lumen  with  the  spermatozoa,      x  450. 

Fig.  2.  Section  of  one  seminal  tubule  and  part  of  another  taken 
from  an  aged  person,  and  stained  with  osmic  acid.  It  shows  the  fins 
stage  of  the  changes  characteristic  of  the  degeneration  accompauying 
old  age,  namely,  disappearance  of  most  of  the  spermatozoa-producing 
cells  and  fatty  degeneration  of  the  remaining  cells,  especially  those 
lying  within  the  outer  peripheral  layer  of  cells,  which  show  as  yet  bat 
little  change.     The  tunica  propria  is  slightly  thickened,      x  120. 

Fig.  3.  A  section  of  the  tubules  of  the  epididymis  from  the  same 
person.  The  epithelium  lining  the  tubules  has  lost  its  regular 
columnar  appearance  as  well  as  its  cilia,,  the  cells  having  become 
small,  less  distinct,  and  in  many  instances  filled  with  fat  granulei» 
which  are  so  numerous  as  to  obscure  the  nucleus. 

Fig.  4.  A  section  of  testis  showing  the  second  stage  in  the  changes 
that  occur  in  old  age.  The  seminal  tubules  are  much  reduced,  the 
epithelium  being  only  represented  by  a  few  cells,  the  tunica  propria 
much  thickened,  and  an  increase  of  the  intertubular  connective 
tissue  which  is  in  the  main  cellular;      x  100. 

Fig.  5.  One  of  the  above  tubules  highly  magniQed.  It  shows  the 
thickened  tunica  propria,  the  complete  disappearance  of  the  central 
or  spermatozoa-producing  cells  of  the  tubule  and  the  formation  of 
columnar  fibrillated  cells  from  the  continuous  peripheral  layer  lining 
the  timica  propria,  the  lumen  being  occupied  by  the  prolongations  dP 
these  cells,      x  400. 

Fig.  6.  Section  of  a  fibrous  patch  in  the  testicle  of  an  aged  person. 
The  tubules  are  greatly  reduced ;  their  lumen  reduced  to  a  chink, 
and  the  tunica  propria  much  thickened.  The  intertubular  connective 
tissue  somewhat  increased  and  fibrous,      x  40. 

Fig.  7.  One  of  the  tubules  seen  in  fig.  6  more  magnified.  The 
tunica  propria  is  composed  of  an  outer  dense  thin  layer  and  of  au 
inner  transparent  layer  of  wavy  fibrous  tissue,  in  which  there  are  no 
connective-tissue  cells :  the  lumen  which  radiates,  contains  a  single 
atrophied  epithelial  cell. 


THE  STRUCTURAL  CHANGES  IN  THE  TESTICLE  OF 
THE  DOG  WHEN  IT  IS  REPLACED  WITHIN  THE 
ABDOMINAL  CAVITY.  By  Joseph  Griffiths,  M.A. 
Cantab.,  M.D.  Eklin.,  F.R.C.S.  Eng.,  Assistant  to  the  Pro- 
fessor of  Surgery  in  the  University  of  Cambridge.  (Plates 
XXIV.  and  XXV.) 

Since  the  publication  of  John  Hunter's  i  observationfl  upon  the 
state  of  the  testicle  wh^n  retained  within  the  abdomen,  many 
investigations  of  a  similar  nature  have  been  conducted  in  Man 
and  in  some  of  the  domesticated  animals,  both  in  this  country 
and  in  France  ;  but  so  far  as  I  am  aware,  no  attempt  has  e^er 
been  made  to  determine,  by  means  of  experiments,  (1)  whether, 
when  the  testicle  is  replaced  within  the  abdomen  in  young 
animals,  it  is  capable  of  attaining  its  full  size  and  mature  struc- 
ture and  of  producing  spermatozoa ;  and  (2)  whether,  when 
replaced  within  the  abdomen  in  a  full-grown  animal,  a  dog  for 
instance,  in  which  the  testicles  have  reached  their  full  and 
mature  size,  it  is  capable  of  maintaining  that  full  size  and  its 
powers  of  producing  spermatozoa.^ 

It  was  with  the  object  of  determining  these  two  points  that 
the  following  experiments  were  conducted.  Dogs  were  chosen, 
being  easily  procurable. 

Before  a  detailed  account  of  each  experiment  is  given,  it 
would  be  well  to  review  briefly  the  opinions  and  observations  of 
the  more  important  writers  on  this  subject. 

Hunter,  in  the  monograph  to  which  reference  has  already  been 
made,  states  as  his  opinion,  that  '*  when  the  testicle  fails  to  descend 
from  the  abdomen,  the  organ  is  imperfectly  formed,  and  that,  in  con- 
sequence of  this  imperfection  in  development,  it  is  incapable  of  giving 
the  •  necessary  stimulus  to  the  mechanism  by  means  of  which  it 
descends."  Accordingly,  Hunter  regards  the  undescended  testicle 
as  imperfectly  formed,  even  during  early  embryonic  life.  He  also 
considers,  as  may  be  gathered  from  another  part  of  the  same  mono- 
graph, such  a  testicle  incapable  of  producing  spermatozoa,  and  a  man 

'  Hunter,  Obs.  on  certain  parts  of  the  Animal  (Economy. 
2 1  find  Carling  suggests  this  method  as  one  likely  to  lead  to  good  results,  in  his 
4th  edition  of  the  Diseases  of  (he  Testis, 
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whose  testicles  remain  undescended  as  sterile.  Hunter,  it  will  be 
remembered,  was  the  first  to  describe  the  mechanism  of  the  descent 
of  this  organ,  and  to  point  out  that  when  the  mechanism  failed  is 
its  appointed  duty,  the  testicle  was  at  fault,  as  shown  bj  the  stnaH- 
ness  in  its  size,  and  the  absence  of  spermatozoa  in  it,  and  in  the 
corresponding  vesictda  seminalis. 

Sir  Astley  Cooper  ^  agrees  with  Hunter,  and  found  nothing  in  bis 
extensive  experience  to  throw  any  doubt  upon  the  accuracy  of  these 
observations.     But  not  many  years  after  the  publication  of  Coop^s 
Diseases  of  the  Testis,  Curling  ^  took  up  this]subject,  and  after  much 
labour  came  to  a  totally  different  conclusion,  namely,  that  when  the 
testicle  is  undescended  and  remains  in  the  abdomen,  it  is  not  ab 
initio  imperfectly  formed  or  developed,  but  simply  fails  to  reach  be- 
yond a  certain  stage  in  its  development,  and  that  its  structure  is 
perfect  for  that  stage  which  is  obtained  prior  to  puberty ;  further, 
he  attributes  failure  in  descent  to  some  defect  in  the  mechanism 
itself,  and  not  to  any  want  of  stimulus  from  an  imperfectly  formed 
testicle.     As  it  is  not  my  intention  to  enter  into  a  discussion  upon 
the  prime  mover  in  the  mechanism  of  descent,  nor  upon  the  various 
causes  of  partial  or  complete  failure  in  its  action,  I  shall  make  no 
further  references  to  that  subject  here. 

Curling,  however,  agrees  with  Hunter  and  Cooper,  inasmuch  as 
he  considers  the  testicle  incapable  under  these  conditions  of  produc- 
ing its  special  secretion. 

He,  however,  mentions  an  instance  in  which  he  understood  that 
spermatozoa  were  found  by  a  colleague  in  a  testicle  which  had  been 
retained  in  the  inguinal  canal. 

Soon  afterwards  Godard,^  in  France,  published  a  communicatioa 
in  which  he  showed  that  the  testicle,  when  retained  within  the  abdomen 
in  Man,  is  capable  of  producing  spermatozoa ;  and  he  cited  instances 
which  he  had  met  with,  and  in  which,  after  careful  examination  with 
the  microscope,  he  found  spermatozoa. 

Just  at  the  same  time  Follin  and  Goubaux  ^  made  extensive  inves- 
tigations both  in  Man  and  in  horses;  and  they  collected  between 
them  numerous  instances  of  retained  testicles,  in  none  of  which  could 
they  find  any  trace  of  the  formation  of  spermatozoa,  spermatogenesis, 
or  of  spermatozoa  themselves.  In  spite  of  the  observations  of 
Godard,  it  has  been  generally  accepted  for  many  years  that  when  the 
testicle  fails  to  reach  the  scrotum  and  is  detained  in  or  near  its 
original  position  below  the  kidney,  in  the  iliac  fossa,  or  in  the  in- 
guinal canal,  it  is  not  fully  developed  ;  that  is,  it  is  smaller  and  softer 
than  natural,  and  its  internal  structure  differs  from  that  of  a  natural 
organ  in  so  far  that  the  seminal  tubules  cannot  be  easily  distin- 
guished ;  that  they  are  atrophied,  and  that  they  show  no  trace  of 

^  Cooper,  On  the  Structure  and  Dis,  of  the  Testis. 
^  Carling,  Diseases  of  the  Testis,  4  th  ed. 

'  Godard,  JRecherches  sur  la  Monorchidie  et  la  Cryptor,  chez  F Homme, 
*  Oonbaux  et  Follin,  "  De  la  Cryptorch.  chez  rHomtnc,  et  les  principaax  animau 
domestiqaes,**  Mem,  d,  la  Soc,  de  Biol.,  1855. 
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-t^lie  formation  of  spermatozoa,  these   being  also  absent    from  the 
-t^ubiiles  of  the  epididymis,  and  the  corresponding  vesicula  geminalia. 

Although  the  above  view  of  the  state  of  the  testicle  when  retained 

^within  the  abdomen  is  the  one  most  generally  accepted,  yet  the 

observations  of  Godard  have  recently  received  considerable  support 

£roni  the  researches  of  Monod  and  Arthaud,^  who  in  1887  published 

fk,  conjoint  paper.     They  maintain   that   the  detained  testicle  does 

acquire  its  full  and   mature  spermatozoa-producing  structure ;  and 

-fcbat,  owing  to  its  abnormal  position  which  in  some  obscure  manner 

prevents  it  carrying  out  its  fimction,  the  testicle  soon  shows  signs  of 

u.trophy  of  the  seminal  tubules.     This  atrophy  is  progressive,  and 

ultimately  leads  to  a  more  or  less  complete  transformation  of  the 

-tubules  into  fibrous  cords,  and  the  intertubular  connective  tissue 

into  a  fibrous  stroma^ 

There  are  therefore  three  views  held  regarding  the  state  of 
the  testicle  when  detained  within  the  abdomen,  namely,  (1)  that 
the  testicle  is  imperfectly  formed  from  the  beginning  (Hunter) ; 
(2)  that  the  testicle  is  natural,  but  that  at  puberty  it  fails  to  reach 
itsfiill  size  and  mature  structure  (Curling),  and  thus  remains  in  the 
pre -puberty  stage ;  and  (3)  (Monod  and  Arthaud)  that  the  testicle 
does  acquire  its  full  size  and  spermatozoa-producing  powers  at 
the  time  of  puberty,  but  that,  owing  to  its  abnormal  position,  it 
soon  undergoes  retrogressive  changes,  which  sooner  or  later  end 
in  complete  atrophy  of  the  seminal  tubules. 

In  the  following  experiments  the  testicle  in  all  instances, 
whether  in  young  puppies  or  in  full-grown  dogs,  was  of  natural 
size  (natural  to  the  age  of  the  animal),  shape,  and  consistency ; 
and  the  greatest  care  was  exercised  in  the  handling  requisite  for 
its  replacement  within  the  abdomen,  for  anything  like  an  attack 
of  inflammation  of  the  body  of  the  testicle  from  rough  handling 
at  the  operation,  or  from  any  other  damage,  would  render  the 
results  of  the  experiment  valueless.  In  no  instance  have  I 
had  any  trouble  either  from  inflammation  or  other  cause,  and 
the  dogs  have  usually  been  running  about  in  a  pretty  lively 
manner  on  the  third  or  fourth  day  after  the  operation.  In  all 
the  experiments  morphia  and  chloroform  were  used,  and  anaes- 
thesia throughout  maintained;  and  all  antiseptic  precautions 
were  adopted  in  order  to  ensure  an  aseptic  state  of  the  peri- 

^  Monod  et  Arthaud,  **  Contrib.  a  T^ttide  des  alterations  du  testicnle  ectopiqne, 
etc.,*'  Arch,  Oen.  de  Med,,  1887. 
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toneal  cavity  into  which  the  testicles  were  replaced.  In  the 
greater  number  of  the  dogs  the  testicle  acquired  Dew  adhesions, 
and  this,  at  its  lower  eud,  in  the  iliac  fossa.  The  vas  deferens 
was  found  coiled,  but  the  spermatic  vessels  did  not  seem  to  be 
in  any  way  interfered  with.  In  one  or  two  the  testicle  could  be 
freely  moved,  and  must  have  changed  its  position  with  the 
movements  of  the  neighbouring  bowel. 

The  experiments  naturally  divide  themselves  into  tuix}  groups, 
namely,  (1)  those  conducted  on  young  animals,  in  which  the 
testicles  were  immature  aud  undeveloped;  and  (2)  those  con- 
ducted on  full-grown  animals,  in  which  the  testicles  were  of 
their  AiU  size  and  mature  structure. 

Accordingly,  the  following  experiments  are  collected  together 
under  these  two  groups : — 

I.  Experiments  on  Young  Animals  (Dogs). 

Experiment  I. — ^A  black-and-tan  terrier,  about  nine  to  ten  months 
old.  The  testicles  were  still  of  small  size,  and  not  fully  developed. 
On  December  3,  1891,  the  right  testicle,  which  measured  15  mm.  in 
length  by  12  mm.  in  breadth  (from  the  dorsum,  exclusive  of  the 
epididymis,  to  the  ventral  border),  was  replaced  in  the  abdominal 
cavity.     The  dog  did  well,  and  was  soon  running  about 

On  December  10,  seven  days  after  replacement  of  the  organ,  the 
animal  was  killed.  Tlie  right  testicle  was  somewhat  smaller  in  size 
than  the  left,  and  it  appeared  as  if  its  vessels  were  more  turgid 
and  congested,  though  the  average  size  of  the  spermatic  veins  was 
decidedly  smaller  than  normal.  The  left  testicle  measured  17  mm. 
in  length  by  12  ram.  in  breadth,  aud  was  of  natural  appearance. 

Under  the  microscope  the  seminal  tubules  of  this,  the  le/t^  testicle 
were  seen  to  be  in  an  early  stage  of  transition  between  the  state  of 
the  organ  before  the  onset  of  puberty,  and  that  when  it  has  reached 
maturity  and  is  capable  of  producing  spermatozoa.  The  tubules, 
that  is  to  say,  were  somewhat  larger  than  they  are  in  the  quite 
immature  state,  and  they  contained  more  small  round  cells ;  besides, 
in  the  majority  of  them,  a  central  lumen  had  already  made  its 
appearance,  but  as  yet  there  were  no  evidences  of  the  formation  of 
spermatozoa. 

In  the  right  testicle,  that  which  was  replaced  in  the  abdominal 
cavity,  the  seminal  tubules  were  solid  rods  of  small  polygonal  cells, 
just  as  they  are  in  the  testicle  before  the  occurrence  of  growth  at 
puberty.  In  this  organ  no  trace  of  the  further  development  which 
the  tubules  undergo  at  puberty  could  be  detected. 

In  this  instance,  therefore,  the  testicle  which  had  been  replaced  in 
the  abdomen  remained  in  the  state  in  which  it  probably  was  before 
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being  replaced,  while  the  one  left  undisturbed  in  the  scrotum  began 
to  grow,  and  show  distinct  signs  of  active  cell  proliferation.  I  would 
here  remark  that  I  have  found  it  not  unfroquentlj  happens  that  the 
testicles  attain  their  full  size  during  a  short  period  of  three  to  four 
weeks  from  the  time  at  which  the  impulse  to  growth  originates. 

Eocperimerd  11, — ^A  fox-terrier,  three  months  old.     On  May  22, 

1891,  the  left  testicle,  which  measured  15  mm.  in  length  by  12  mm. 

in  breadth,  was  replaced  in  the  abdominal  cavity  by  the  same  method 

as  in  the  former  experiment.     At  the  beginning  of  October  in  the 

same  year  the  right  testicle,  which  had  not  been  interfered  with, 

began  to  show  signs  of  growth,  and  by  the  beginning  of  March  it  had 

reached  its  full  size.     The  dog  was  killed  on  March  9,  1892,  when  the 

tnght  testicle  measured  30  mm.  in  length  by  20  mm.  in  breadth,  this 

being  the  usual  size  for  a  grown-up  dog  of  this  breed.     The  left  testicle 

was  found  attached  to  the  peritoneum  at  the  brim  of  the  pelvis,  and 

hanging  down  into  that  cavity ;  the  vas  deferens  was  coiled,  but  the 

spermatic  vessels,  though  somewhat  smaller  than  those  of  the  opposite 

side,  were  normal,  and  not  in  any  way  interfered  with  in  their  course. 

The  body  of  the  testicle  measured  17  mm.  in  length  and  13  mm.  in 

breadth,  was  small  and  roundish,  but  of  natural  appearance,  though 

softer  than  its  fellow  (see  fig.  1,  Plate  XXIV.).     The  epididymis  was 

small,  though   relatively  larger  than  the  testis,  as  is  usually  the 

case  in  young  animals. 

The  left  testicle  showed  under  the  microscope  that  the  seminiferous 
tubules  were  only  about  one-half  of  the  size  natural  in  a  full-grown 
organ.  The  tunica  propria  of  each  tubule  was  somewhat  thickened, 
and  the  tubules  were  widely  separated  from  one  another  (fig.  1, 
Plate  XXV.). 

The  epithelium  lining  these  tubules  was  composed  of  a  single  layer 
of  columnar  cells  resting  upon  the  inner  surface  of  the  tunica  propria. 
These  cells  contained  large,  round,  clear  nuclei,  which  were  found 
near  the  basal  or  attached  ends  of  the  cells ;  their  proto{)la8m  was 
delicately  fibrillated  in  the  long  axis  of  the  cells,  and  was  compara- 
tively free  from  granules  (fig.  2,  Plate  XXV.). 

The  cells  themselves  were  prolonged  to  the  centre  of  the  tubule  in 
fine  radiating  processes  composed  of  the  delicately  fibrillated  proto- 
plasm of  the  cells.  There  were  no  spermatozoa,  nor  any  trace  of 
their  formation,  in  any  of  the  tubules.  The  tunica  albuginea  of  the 
testicle,  together  with  the  septa  and  the  intertubular  connective 
tissue,  were  not  changed  beyond  a  relative  increase  from  diminution 
in  the  size  of  the  seminal  tubules.  In  the  epididymis  the  tubules 
were  small  and  contracted,  but  they  were  all  lined  by  the  usual  single 
layer  of  columnar  epithelial  cells  bearing  fine  long  cilia. 

In  the  central  lumen  which  was  correspondingly  small,  there  were 
no  spermatozoa,  but  in  their  place  a  few  coarse  clear  granules. 

The  right  testicle  and  epididymis  were  normal.  In  the  seminal 
tubules  of  this  testicle  there  was  abundant  evidence  of  the  formation 
of  spermatozoa,  the  tunica  propria  being  lined  by  cubical  cells,  and 
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the  cells  nearer  the  lumen,  which  were  altogether  absent  in  the  Idt 
testicle,  showed  the  division  of  their  nuclei  preparatory  to  tbe 
formation  of  spermatozoa ;  and  in  the  tubules  of  the  globus  major  of 
the  epididymis  there  were  numerous  spermatozoa. 

It  may  be  here  noted  that  in  this  experiment  the  testicle  that  was 
replaced  in  the  abdomen  increased  somewhat  in  size  while  in  the 
abdominal  cavity. 

It  will  be  further  observed  that  the  testicle  that  was  leH;  undis- 
turbed in  the  scrotum  had  just  attained  its  full  size  and  functional 
powers  when  the  animal  was  killed,  whereas  the  replaced  testicle  had 
not  undergone  this  change,  but  was  found  small  and  ill-develop&l, 
with  altered  seminal  tubules  which  showed  no  indication  whatever  cf 
the  formation  and  production  of  spermatozoa.  This  is  contrary  to 
the  opinion  expressed  by  Godard,  Monod,  and  Arthaud,  that  the 
detained  testicle  does  continue  to  undergo  the  changes  incidental  to 
on-coming  puberty. 

Experiment  III, — A  fox-terrier,  about  four  months  old.  On  June  21, 
1891,  the  left  testicle,  which  measured  15  mm.  in  length  by  12  mm. 
in  breadth,  was  replaced  in  the  abdominal  cavity.  The  wound  healed 
quickly,  and  the  dog  was  soon  about  and  well.  On  Nov.  8,  1891, — 
before,  therefore,  the  period  at  which  the  testicle  would  have  acquired 
its  full  size, — the  animal  was  killed,  when  the  left  testicle,  which 
measured  18  mm,  in  length  by  12  mm.  in  breadth,  was  found  lying 
in  the  iliac  fossa,  and  adherent  by  its  lower  end  to  the  peritoneum  of 
that  part.  Its  body  was  somewhat  flaccid  and  soft.  The  epididymis 
was  also  small,  but  relatively  large  to  the  body  of  the  testicle. 

The  vas  deferens  was  coiled,  but  the  spermatic  vessels,  although 
small,  were  otherwise  natural.  The  structure  of  this  testicle,  as  well 
as  that  of  the  epididymis,  was  precisely  the  same  as  is  described  in 
Experiment  11. ,  of  which  a  description  immediately  precedes.  The 
left  testicle  of  this  animal  was  of  the  same  size  as  that  of  the  dog  in 
Experiment  II.,  both  dogs  being  of  the  same  litter. 

The  right  (opposite)  testicle  could  not  be  used  for  comparison,  for- 
asmuch as  I  had,  on  July  21,  1891,  ligatured  the  spermatic  vessels 
on  that  side. 

In  this  experiment  the  replaced  testicle  grew  while  in  the  abdominal 
cavity ;  and  although  it  had  not  undergone  much  change,  yet  the 
seminal  tubules  were  altered  in  their  structure. 

Experiment  IV. — A  well-grown  fox-terrier  of  about  9-10  months 
old,  the  testicles  not  being  fully  developed.  On  Sept.  24,  1891, 
the  right  testicle  was  replaced  in  the  abdominal  cavity,  and  it 
then  measured  15  mm.  in  length  by  12  mm.  in  breadth.  The  wound 
healed  quickly,  and  the  dog  was  soon  well  and  about. 

During  October  and  November  the  left  testicle  acquired  its  natural 
size  (30  mm.  in  length  by  20  mm.  in  breadth)  and  the  normftl 
histological  structure  of  the  functional  testis.  On  Nov.  30,  1891, 
the  animal  was  killed.     The  right  testicle,  which  now  measured  17 
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xmin.  in  length  by  12  mm.  in  breadth,  was  found  in  the  iliac  fossa, 
Ck'trtached  as  usual  to  the  peritoneum  by  its  lower  end.  Its  body  was 
small,  almost  globular,  and  soft.  The  epididymis  was  also  small. 
17 be  vas  deferens  was  coiled  and  shortened,  but  the  spermatic  vessels 
Appeared  natural.  The  histological  structure  of  this  right  testicle 
And  epididymis  was  precisely  the  same  as  that  fully  described  in 
^E^xperiment  II. 

There  was  no  evidence  whatsoever  of  the  formation  or  presence  of 
spermatozoa  in  any  of  the  seminal  tubules. 

In  this  instance  also  the  replaced  testicle  increased  to  some  extent 
in  size  during  the  two  months  it  lay  in  the  abdominal  cavity ;  yet  it 
failed  to  keep  pace  in  growth  with  its  fellow  the  left  testicle,  which 
iBvaa  left  undisturbed  in  the  scrotum  and  had  during  that  time 
acquired  its  full  size  and  spermatozoa-producing  powers.  It  is  further 
liighly  improbable  that  the  replaced  testicle  acquired  its  full  size 
and  mature  structure  earlier  than  that  left  in  the  scrotum,  and  that 
it  quickly  underwent  the  degenerative  changes  which  the  full-grown 
organ,  as  will  be  presently  shown,  is  liable  to  when  replaced  within 
the  abdomen. 

Experiment  V. — A  young  black  terrier,  about  six  months  old. 
On  Dec.  10,  1891,  the  left  testicle,  which  measured  12  mm.  in 
length  by  10  mm.  in  breadth,  was  replaced  in  the  abdo- 
minal cavity.  The  wound  did  well.  During  February  1892  the 
right  testicle  grew  normally,  and  on  March  8,  1892,  the  animal 
was  killed.  The  right  testicle  was  of  natural  size,  and  measured  25 
mm.  in  length  by  20  mm.  in  breadth ;  whereas  the  left  testicle,  which 
was  found  attached  to  the  peritoneum,  and  lying  in  the  iliac  fossa, 
measured  only  16  mm.  in  length  and  12  mm.  in  breadth.  The  left 
epididymis  was  also  small;  the  vas  deferens  was  coiled,  but  the 
spermatic  vessels  apparently  natural. 

In  structure  the  left  testicle  was  like  that  of  the  replaced  organ  in 
Experiment  II.,  but  the  right  was  fully  developed  and  capable  of 
producing  spermatozoa,  which  could  be  found  in  the  seminal  tubules 
as  well  as  in  those  of  the  epididymis. 

Here  again  the  replaced  testicle  grew  while  in  the  abdominal 
cavity ;  and  as  the  testicle  was  very  small  when  replaced,  the  amount 
of  growth  is  more  apparent  in  this  instance  than  in  any  other  of  the 
experiments.  But  although  the  animal  was  killed  as  soon  as  the 
right  and  undisturbed  testicle  reached  its  full  size,  yet  the  organ  in 
the  abdomen  was  small,  and  showed  no  signs  whatever  of  producing 
spermatozoa. 

We  see,  therefore,  that  when  the  testicle  of  a  puppy  is  re- 
placed in  the  abdominal  cavity  it  undergoes  but  little  change, 
being  a  little  less  plump  than  its  fellow.  It  continues  to  grow 
with  the  body  until  the  onset  of  puberty,  but  its  growth  is  not 
so  great  as  that  of  the  undisturbed  organ  in  the  scrotum.     At 
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puberty  it,  unlike  its  fellow,  doas  not  pass  through  the  stnictnrii 
changes  preliminary  to  the  formation  of  the  mature  spermatosM- 
producing  tubules ;  nor  does  it  remain  stationary,  retaining  its 
pre-puberty  structure,  but  it  undergoes  a  change  that  is  peculiar 
to  a  retained  or  replaced  testis,  the  seminal  tubules  becomiif 
altered.  They  are  of  small  size,  and  in  most  instances  a  smaU 
central  lumen;  all  being  lined  by  a  single  layer  of  delicate 
columnar  cells,  which  are  derived  from  a  modification  of  the 
single  layer  of  the  peripheral  cubical  cells  seen  before  and  after 
puberty,  the  central  cells  having  disappeared. 

Thus  the  seminal  tubules  are  incapable  of  producing  sperma- 
tozoa. They  undergo,  indeed,  a  degenerate  change,  being  no 
longer  like  the  tubules  which  characterise  the  pre-puberty  state 
of  the  testicle,  inasmuch  as  they  no  longer  remain  solid,  but  the 
central  cells  disappear,  while  the  peripheral  ones  are  converted 
into  a  layer  of  columnar  cells  which  taper  towards  the  centre  of 
the  tubule  instead. 

II.  Experiments  on  Full-Grown  Animals  (Dogs). 

Experiment  VL — A  small  full-grown  fox-terrier.  On  December 
7,  1892,  the  right  testicle,  which  measured  22  mm.  in  length  by  16 
mm.  in  breadth,  wjis  replaced  in  the  abdominal  cavity.  On  Dec- 
ember 14,  1892,  the  animal  was  killed.  The  testicle  remained  quite 
free  in  the  abdominal  cavity,  and  was  found  in  the  pelvis.  It  was 
reduced  to  17  mm.  in  length  by  13  ram.  in  breadth,  and  it  appeared 
congested  on  the  surface;  the  spermatic  veins  being  if  anything 
diminished  in  size,  but  in  consistency  the  organ  remained  natural  or 
nearly  so.  In  none  of  the  tubules  could  any  trace  be  seen  of  the 
formation  of  spermatozoa,  nor  could  any  spermatozoa  be  detected, 
although  only  a  week  had  elapsed  since  the  replacement 

In  some  of  the  tubules,  which  were,  without  exception,  reduced  in 
size,  the  central  canal  or  lumen  was  occupied  in  part  by  detached 
granular  epithelial  cells  with  ill-defined  nuclei,  and  also  by  larger 
granular  masses  composed  of  fused  degenerated  cells  (see  fig.  3,  Plate 
XXV.).  These  cells  are  the  products  of  the  cells  which  naturally  occupy 
the  circumferential  part  of  the  tubule,  and  which  are  derived  from  the 
peripheral  layer  of  cells  lining  the  tunica  propria  (see  fig.  4).  In 
other  tubules  these  degenerated  products  of  cells  had  entirely  dis- 
appeared, the  lumen  being  contracted  and  occupied  by  a  single  layer 
of  slender  columnar  epithelial  cells  which  line  a  somewhat  thickened 
tunica  propria,  and  which  are  the  representatives  of  the  single  lajer 
of  the  peripheral  cubical  epithelial  cells  of  the  normal  tubule.  There 
was  no  increase  nor  any  altei-ation  in  the  nature  of  the  intertubular 
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conneotWe  tissue,  except  that  where  the  tubules  were  much  diminished 
size  it  appeared  relatively  increased. 


Experiment    VII, — A    full-grown    fox-terrier.      On    August    13, 

1392,  the  left  testicle,  which  measured  30  mm.  in  length  and  20  mm. 

in   breadth,  was  replaced  in  the  abdominal  cayity.     The  animal  soon 

^ot  well  and  was  running  about  as  usual.    On  September  13,  thirty-one 

Aetys  after  the  replacement,  the  dog  was  killed.      The  left  testicle  was 

found  attached  by  its  lower  end  to  the  peritoneum  in  the  left  iliac 

fossa.       It  was  much  reduced  in  size,  measuring  only  20  mm.  in 

length  by  15  mm.  in  breadth,  was  soft  and  flaccid.     The  epididymis 

MTSA  also  reduced,  but  not  so  much  as  the  body  of  the  organ.     On 

microscopic  examination  the  seminal  tubules  were  much  reduced  in 

size,  and  in  many  of  them  the  epithelium  was  represented  by  a  single 

continuous  layer  of  small  cubical  cells  with  large  nuclei  lying  on  the 

inner  surface  of  the  tunica  propria ;    within  this  layer  were  other  less 

defined  cells  with  granular  protoplasm.     The  latter  occupied   the 

^eater  part  of  the  lumen.     In  other  tubules  there  was  only,  a  single 

layer  of  cells  which  had  become  columnar  in  shape.     These  lined  the 

tunica  propria,  and  were  prolonged  by  delicate  processes  into  the 

central  part  of  the  lumen.      In  this  testicle  the  degenerative  changes 

consequent  upon  replacement  had  in  great  part  disappeared,  so  that 

the  stages  in  the  process  could  not  be  observed  as  in  Experiment  VL, 

in  which  the  testicle  had  only  been  replaced  for  seven  days. 

It  showed,  however,  that  the  inner  cells  of  the  tubules  undergo  degen- 
erative changes  and  disappear,  while  the  peripheral  cells  gradually 
elongate  and  become  changed  from  a  cubical  to  a  columnar  variety,  and 
project  into  and  fill  the  lumen. 

The  right  testicle  remained  of  natural  size  and  of  normal  structure, 
and  continued  producing  spermatozoa,  which  were  found  in  great 
numbers  in  the  seminal  tubules  after  death. 

Experiment  VI I L  — A  small  full-grown  terrier.  On  December  1,1891, 
the  left  testicle,  which  was  of  full  size,  and  which  measured  30  mm. 
in  length  and  20  mm.  in  breadth,  was  replaced  in  the  abdominal 
cavity,  the  inguinal  canal  being  enlarged,  as  in  all  the  other  cases, 
and  afterwards  carefully  closed  by  numerous  sutures.  The  wound 
quickly  healed,  and  the  dog  was  soon  about  and  well.  On  March 
7,  1892,  ninety  days  after  the  operation,  the  dog  was  killed. 

The  left  testicle  was  small,  having  been  reduced  in  its  size  to  18 
mm.  in  length  by  12  mm.  in  breadth,  but  it  was  otherwise  healthy- 
looking  (see  fig.  3,  Plate  XXIV.) ;  it  had  become  attached  by  its  lower 
end  to  the  peritoneum  covering  the  iliac  fossa.  The  epididymis  was 
diminished,  though  not  in  the  same  proportion  as  the  testicle,  and  the 
vas  deferens  was  coiled  and  short ;  but  the  spermatic  vessels,  though 
not  80  large  as  when  the  testicle  was  replaced  in  the  abdomen,  or  as 
those  of  the  opposite  organ,  were  quite  normal  in  their  appearance ; 
nor  were  they  in  any  way  interfered  with  in  their  course. 

A  section  of  the  body  of  the  testicle  revealed  to  the  naked  eye 
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nothing  abnormal  beyond  a  certain  degree  of  compactness  in  its 
structure.  For  a  comparison  between  the  two  testicles  see  the 
drawing  (fig.  3,  Plate  XXIV.)  taken  from  the  specimen,  after  being 
hardened  in  alchohol. 

The  seminal  tubules  of  the  left  (replaced)  testicle  were  reduced  to 
one-half  their  natural  size.  The  tunica  propria  of  the  tubules  was 
somewhat  thicker  than  natural ;  but  the  chief  changes  that  conld  be 
seen  were  in  the  epithelium,  ^hich  was  much  altered.  It  had  in  great 
part  disappeared,  leaving  only  a  single  layer  of  cells  with  large  round 
nuclei  placed  near  the  attached  ends  of  the  cells ;  some  of  these  nuclei 
(fig.  4,  Plate  XXV.)  contained  nucleoli,  as  if  they  were  in  process  of 
division,  whereas  others  had  become  vesicular  or  vacuolated. 

The  cells  were  of  columnar  shape,  with  tapering  inner  free  ends, 
the  delicate  filamentous  processes  of  which  passed  into  and  filled  the 
lumen. 

The  protoplasm  of  each  cell  was  delicately  fibrillated  in  its  long 
axis.  There  seemed  to  be  no  remains  of  other  cells  between  the 
filamentous  processes,  nor  could  spermatozoa,  or  traces  of  their  forma- 
tion, be  found  anywhere. 

In  the  epididymis  of  this  testicle,  which  was  somewhat  diminished, 
though  not  in  the  same  proportions  as  the  body  of  the  organ,  the  only 
change  observable  was  that  of  contraction  of  the  tubules  at  the  upper 
end,  or  globus  major,  with  a  diminution  of  the  lumen.  Xo  sper- 
matozoa were  to  be  found  but  only  a  few  clear  granules.  The 
columnar  epithelium  lining  these  tubules  appeared  natural,  and  the 
cilia  were  normal. 

Neither  in  this  specimen  nor  in  any  of  the  preceding  were  there 
any  signs,  either  in  the  intertubular  connective  tissue  nor  elsewhere, 
of  the  inflammatory  process  having  accompanied  or  preceded  this 
atrophic  change  in  the  seminal  tubules ;  and  the  tunica  albuginea, 
together  with  the  supporting  connective  tissue  of  the  organ,  showed 
no  further  changes  than  would  result  from  the  general  diminution 
of  the  size  of  the  seminal  tubules. 

The  right  testicle,  which  had  been  left  undisturbed  in  the  scrotum, 
was  quite  normal  in  size  and  structure,  and  showed  the  usual  presence 
of  spermatozoa  in  its  tubules. 

From  the  last  series  of  experiments  it  will  be  gathered  that 
when  a  fall-grown  testicle  is  replaced  within  the  abdominal 
cavity  with  due  care,  it  undergoes  definite  changes,  and  dwindles 
to  a  considerable  extent. 

The  testicle  after  a  period  of  a  month  or  so  becomes  reduced 
to  two-thirds  or  half  its  original  size,  but  the  epididymis 
not  nearly  to  the  same  extent  The  organ  is  of  a  somewhat 
darker  colour,  and  the  blood-vessels,  especially  the  small  venules 
on  the  surface  of  the  testicle,  appear  as  if  they  were  engorged 
or  congested;  but  the  remaining  spermatic  vessels,  although 
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bhey  seem  smaller  than  those  of  the  normal  side,  appear  natural, 
Eknd  in  no  way  disturbed  in  their  course.     The  seminal  tubules 
&re  much  reduced  and  contracted — in  most  instances  to  about 
Ixalf  their  natural  size ;  and  they  are  lined  by  a  single  layer  of 
columnar  cells,  which  areprolonged  into  fine  filamentous  processes, 
oonvergiug  towards  the  centre  of  the  tubule,  there  being  no 
trace  of  the  formation  of  spermatozoa  in  any  of  the  tubules. 
The  central  cells — namely,  those  which  give  origin  directly  to 
the  spermatozoa  in  a  natural  tubule — disappear  completely  by 
meaiiB  of  a  peculiar  granular  degeneration  of  the  protoplasm, 
Avhich  shows  no  tendency  to  fatty  transformation.    All  the  above 
changes  take  place  without  the  slightest  evidence  of  the  inflam- 
matory process  accompanying  them. 

Judging  from  the  last  specimen  (Exp.  VIII.)  which  had  been 
replaced  in  the  abdomen  for  ninety  days,  I  should  infer  that  the 
testicles  do  not  undergo  further  change. 

In  order  to  illustrate  this  subject  still  more,  I  will  introduce 
here  two  observations  I  recently  made  upon  dogs,  in  one  of 
which  the  right  testicle  was  retained  in  the  groin,  and  in  the 
other  within  the  abdomen,  by  some  failure  in  the  mechanism  of 
descent. 

Undescended  Testicles  in  the  Dog. 

The  first  was  a  small  fox-terrier,  of  about  two  and  a  half  years 
old.  The  right  testicle  was  found  to  have  been  retained  in  the 
grroin,  just  outside  the  external  ring.  It  was  of  small  size,  mea- 
suring 16  mm.  in  length  by  11  mm.  in  breadth,  (the  left  being 
20  mm.  in  length  by  15  mm.  in  breadth,)  and  it  could  neither 
be  pulled  into  the  scrotum  nor  pushed  into  the  inguinal  canal. 
It  appeared  natural,  except  in  its  size.  Under  the  microscope 
the  seminal  tubules  were  undistinguishable  from  those  already 
described  and  figured  as  occurring  after  replacement  of  the 
fully-developed  organ,  and  therefore  there  is  no  need  for  further 
comment. 

The  second  was  also  a  fox-terrier,  of  about  eighteen  months 
old.  The  right  testicle  was  found  in  the  right  iliac  fossa,  freely 
movable,  and  attached  by  a  slender  cord,  which  passed  into  the 
same  side  of  the  pelvis.  The  organ  was  small,  measuring  15 
mm,  in  length  by  10  mm.  in  breadth,  (the  left  being  25  mm.  in 
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leugth  by  18  mm.  in  breadth).    The  epididymis  was  correspoad- 
iiigly  small 

Under  the  microscope  the  seminal  tubules  of  this  orgau  wen 
precisely  the  same  as  those  iu  the  above  instances,  and  in  none 
of  them  could  any  trace  of  spermatozoa  or  of  their  productiim 
be  detected. 

Thus,  iu  each  of  the  above  instances — ^the  testicle  retained  in 
the  groin  in  the  one  and  in  the  abdominal  cavity  in  the  other — 
the  orgau  was  small,  of  about  §-^  size  of  the  healthy  and 
descended  testicle;  and  under  the  microscope  the  seminal 
tubules  presented  histological  characters,  undistiuguishable  from 
those  found  in  the  testicles,  whether  young  or  of  full  size,  that 
were  replaced  in  the  abdominal  cavity. 

It  would  seem,  therefore,  that  the  experimentally  replaced 
testicle  behaves  in  precisely  the  same  manner  as  one  retained 
by  imperfections  in  the  mechanism  of  descent  or  transition. 

Answers  to  Qvsstions  set  forth  at  the  beginning  of  this  Paper, 

From  the  results  of  the  following  experiments,  the  two  ques- 
tions which  induced  me  to  make  them  may  now  be  answered. 

TYiQ  first  question  was.  Whether y  when  the  testicle  is  repUuxd 
within  the  abdovien  in  a  young  animal,  it  is  capable  of 
attaining  its  full  size  and  mature  structure,  and  of  producing 
spermaiozoa  t 

It  is  clear  from  the  results  of  the  first  set  of  experiments  that 
the  testicle  of  a  young  animal,  when  replaced  in  the  abdominal 
cavity,  does  neither  acquire  its  full  size  or  its  mature  structure, 
nor  does  it  acquire  the  power  of  producing  spermatozoa.  Though 
it  does  to  some  extent  partake  of  the  general  growth  of  the  body, 
it  does  not  do  so  to  the  same  extent  as  the  organ  which  acquires 
its  natural  position. 

The  second  question  was.  Whether,  when  the  testicle  is  replaced 
within  tfte  abdomen  in  a  full-grown  animal,  it  is  capable  of 
'maintaining  itsfvXL  size  and  matv/re  structure,  and  its  powers 
of  producing/  spermatozoa  ? 

Again,  it  is  pretty  obvious  from  the  results  of  the  secoud  set 
of  experiments  that  the  testicle  of  a  full-grown  dog,  when 
replaced  within  the  abdominal  cavity,  dwindles  to  §-|  its  natural 
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sLze,  and  remains  in  this  state  for  some  time  at  least.  It  loses  its 
powers  of  prodacing  spermatozoa  and  the  seminal  tubules  are 
xnuch  degenerated  in  their  structure. 

The  Views  tteld  regarding  the  State  of  the  retmned  Teetide, 

These  views,  already  referred  to,  have  special  reference  to 

!Man,  and  some  would  perhaps  think  them  inapplicable  to  the 

Dog,  the  animal  selected  for  the  preceding  experiments.    Hunter 

first  pointed  out  that  a  retained  testicle  was  imperfect  in  its 

development,  and  that  it  was  incapable  of  producing  spermatozoa, 

a.nd  that  when  both  organs  were  retained  the  person  was  sterile. 

This  imperfection  in  development  was  regarded  by  him  as  the 

result  of  a  fault  in  the  organ  itself,  a  fault  that  had  arisen,  at 

any  rate,  before  the  commencement  of  the  process  of  descent, 

for  it  was  this  he  conceived  to  be  the  cause  of  the  fftilure  in  that 

process. 

Curling,  indeed,  recognised  this,  and  pointed  out  that  the 
retained  testicle  presents  the  same  structure  as  that  of  the 
descended  organ  before  the  onset  of  puberty,  and  simply  that  at 
this  period  it  does  not  participate  in  the  growth  that  takes  place 
in  the  properly  descended  organ. 

In  Experiments  II.-V.  it  may  be  seen  that  the  retained,  or 
rather  replaced,  organ  not  only  does  not  participate  in  this 
natural  growth  at  the  time  of  puberty,  but  that  the  seminal 
tubules  lose  their  what  may  be  called  infantile  character,  and 
acquire  a  structure  that  is  peculiar  to  the  replaced  and  also  the 
undescended  organ ;  that  is  to  say,  the  seminal  tubules  during 
early  life  are  solid  rods  of  small  polygonal  cells  (fig.  5,  Plate 
XXV.),  whereas  those  of  the  retained  testicle  at  and  after 
puberty  are  lined  by  a  single  layer  of  delicate  columnar  cells, 
which  project  as  fine  processes  into  and  fill  the  lumen,  the 
central  cells  of  the  tubule  having  disappeared. 

Therefore  Curling's  view  of  the  state  of  the  seminal  tubules 
in  an  undescended  testicle  falls  short  of  correctness,  for  they  are 
not  like  those  found  in  the  organ  of  the  young,  but  have  acquired 
features  and  characteristics  of  their  own. 

All  I  need  say  with  regard  to  the  view  maintained  by 
Oodard,  Monod,  and  Arthaud,  that  the  retained  testicle  does 
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acquire  its  full  size  aud  powers  of  producing  spermatozoa  at  and 
soon  after  puberty,  is  that  I  have  not  found  any  evidence  in  its 
support ;  and  all  my  own  results  in  the  foregoing  experiments, 
and  observations  made  on  Man — ^which  are  but  few,  it  is 
true — show  the  contrary  to  be  the  case.  There  has  never  been 
brought  forward  an  indisputable  case  of  the  detection  of 
spermatozoa  in  retained  testicles ;  and  what  Monod  and  Arthaud 
have  depicted  in  their  conjoint  paper  as  a  section  of  the  testicle 
in  which  the  seminal  tubules  are  said  to  be  in  the  act  of  pro- 
ducing spermatozoa  is  indeed,  without  the  text>  unrecognisable 
even  as  a  section  of  that  organ  at  all. 

I  would,  in  addition,  remark  that  the  results  of  the  experi- 
ments related  coincide  so  entirely  that  I  have  not  thought 
it  worth  while  to  make  further  experiments  of  a  similar 
kind. 

No  wonder  the  idea  that  the  retained  testicle  would  be 
functional  should  have  arisen,  seeing  how  varied  is  its  per- 
manent position.  In  the  Monotremes,  Cetacea,  Sirenia,  and 
Proboscidia  it  is  permanently  abdominal,  in  some  Perisso- 
dactyla  it  descends  so  fiskr  as  the  abdominal  ring ;  in  other  animals 
it  enters  the  scrotum  which  may  be  inguinal  or  perineal  In 
some  of  these  latter  Rodentia  and  Insectivora  the  cavity  of  the 
tunica  vaginalis  freely  communicates  with  that  of  the  peri- 
toneum, so  that  the  testis  may  pass  to  and  fro  between  the 
abdominal  cavity  and  the  scrotum,  while  in  the  remainder  the 
canal  of  communication  becomes  very  narrow,  as  in  Camivtmi 
and  most  of  the  Anthropoid  Apes,  or  completely  obliterated  as 
in  Man.  Yet  in  all  these  different  positions  the  testicle  acquires 
perfect  structure  and  function.  In  some  animals,  such  as  RodentSi 
Insectivores,  the  testis  descends  into  the  scrotum  during  the 
period  of  loit,  but  in  others,  as  the  elephant,  it  remains  at  all 
times  in  the  abdominal  cavity.  What,  then,  can  be  the  reason 
that  in  some,  a  limited  number  of  animals,  the  scrotal  position 
is  essential  to  structure  and  function  ? 

Why  should  the  testicle  be  required  to  depart  from  its  comfort- 
able quiet  position  in  the  abdominal  cavity  to  a  more  turbulent 
region  where  it  is  of  some  inconvenience,  and  during  its  transit 
causes  a  weakening  of  the  abdominal  wall  so  serious  in  the 
erect  attitude?     Can  it  be  that  the  very  turbulence  of  this 
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region  is  requisite  for  its  perfect  development  and  the  main- 
tenance of  its  functions  in  certain  animals  ? 

Furthermore,  its  corresponding  organ,  the  ovary  in  the 
female,  remains  in  all  animals  in  the  abdominal  cavity. 

So  far  as  I  am  aware,  no  satis&ctory  answer  has  ever  been 
offered  to  this  most  interesting  question. 

It  is  possible  that  the  cremaster  muscle  might,  by  its  com- 
pression of  the  organ,  exercise  some  obscure  influence  upon  the 
testis,  and  thus  keep  it  in  a  state  of  functional  activity,  but  the 
complete  removal  of  this  muscle,  which  I  carried  out  in  one 
experiment,  seemed  to  make  no  difference  whatever  to  the 
efficiency  of  the  organ,  for  after  a  period  of  thirty-one  days,  this 
being  ample  time  for  the  testicle  to  show  signs  of  atrophy, 
the  oigan  was  of  the  same  size  as  before  ;  it  was  quite  normal, 
and  actively  producing  spermatozoa :  the  details  of  the  experi- 
ment are  as  follows : — 

The  Testicle  deprived  of  its  Cremaster  Muscle, 

A  fox-terrier  three  to  four  years  old.  On  August  15, 1892,  the 
right  testis  was  deprived  of  its  cremaster  muscle  by  exposing 
the  organ  and  carefully  dissecting  the  muscular  fibres  off  the 
parietal  layer  of  the  tunica  vaginalis.  The  testis  was  then 
measured,  and  was  found  to  be  about  27  mm.  in  length  by 
about  17  mm.  in  breadth.  Exact  measurements  could  not  be 
taken,  as  the  tunica  vaginalis  was  not  laid  open.  The  organ 
was  replaced  in  the  scrotum,  and  all  the  parts  healed  quickly, 
the  animal  running  about  on  the  day,  and  no  changes  were 
afterwards  observed  in  the  testicle.  On  Sept.  15, 1892,  thirty- 
one  days  after  the  operation,  the  dog  was  killed.  The  right 
testicle— namely,  that  deprived  of  its  cremaster  muscle — was  of 
the  same  size  as  before,  that  is,  27  mm.  in  length  by  17  mm.  in 
breadth,  and  it  looked  quite  healthy  and  natural. 

On  microscopic  examination  the  seminal  tubules  were  of 
natural  size,  the  formation  of  spermatozoa  could  be  seen  in 
most  of  them  just  as  under  normal  conditions,  and  the  organ 
was  in  every  way  similar  to  its  fellow  on  the  left  side,  which 
had  not  been  disturbed. 
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Conclusions. 


The  following  are  the  chief  conclusions  from  the  foregoing 
experimental  investigations  and  observations : — 

1.  When  the  testicle  of  a  young  animal  is  replaced  mthin  the 
abdomen  it  undergoes  but  little  change,  growing  somewhat,  but 
not  so  much  as  the  undisturbed  organ,  until  the  onset  of 
puberty. 

2.  A  testicle  so  replaced  after  the  onset  of  puberty  continues 
to  grow  to  some  extent,  though  but  little ;  the  seminal  tubules 
are  seen  to  be  lined  by  a  single  layer  of  columnar  epithelial 
cells  lying  upon  the  tunica  propria,  with  delicate  prolongations 
extending  into  and  occupying  the  lumen  of  the  tubules;  the 
central  cells,  from  which  in  the  normal  state  spermatozoa  are 
produced,  do  not  exist,  and  spermatozoa,  accordingly,  are  not 
forthcoming. 

8.  The  testicle  remains  in  this  state;  at  least,  we  have  no 
evidence  that  it  undergoes  further  change. 

4.  The  testicle  of  a  full-grown  animal,  when  replaced  in  the 
abdominal  cavity,  soon  dwindles  to  two-thirds  or  one-half  its 
natural  size,  and  after  a  short  time  presents  precisely  the  same 
structure  as  that  which  is  found  in  the  replaced  testicle  of  a 
young  animal  above  noted. 

5.  The  testicle,  the  descent  of  which  has  been  arrested  in  the 
dog,  either  in  the  groin  or  in  the  abdominal  cavity,  shows  the 
same  histological  characteristics  as  the  oigan  which  has  been 
replaced  by  experiment. 

6.  Replacement  of  the  testicle  can,  with  ordinary  care,  be 
effected  without  injury  to  the  organ,  and  without  setting  up 
inflammation  in  its  structure,  the  occurrence  of  which  would  be 
detrimental  to  an  experiment 


DESCRIPTION  OF  PLATES  XXIV.,  XXV. 

Plate  XXIV.,  fig.  1.  Testes,  epididymes,  vasa  efferentia,  &a,  of  a  dog 
one  year  old  (Exp.  II.),  showing  the  right  organ  of  natural  size,  and 
the  leftj  which  was  replaced  when  the  animal  was  three  months  old, 
small,  and  hardly  half  the  size  of  its  fellow.  The  left  epididymis  ia 
also  small,  and  the  vas  deferens  shorter  (nat.  size). 
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Fig.  2.  Testes,  epididymes,  vasa  eflferentia^  &c.,  of  a  dog  ten  to 
twelve  months  old  (Exp.  Y.). 

The  right  testicle  is  of  full  size,  this  size  having  been  attained 
during  the  month  preceding  the  day  on  which  the  animal  waa  killed. 
The  left  testicle,  which  was  replaced  three  months  previously,  and 
which  was  then  of  small  size,  remains  small,  having  grown  but  little, 
as  was  the  case  with  that  in  Plate  I.  (£xp.  XL).  The  animal  was 
killed  as  soon  as  the  right  testicle  had  attained  its  natural  size,  in 
order  to  determine  whether  the  replaced  organ  had  undergone  the 
same  changes  as  that  which  was  left  undisturbed  in  the  scrotum. 
Obviously  these  changes  had  not  taken  place  (nat.  size). 

Fig.  3.  Testes,  epididymes,  vasa  efferentia,  dM$.,  of  a  full-grown 
dog  (Exp.  YIIL).  The  left  testicle  had  been  replaced  in  the  abdominal 
cavity  for  a  period  of  three  months.  At  the  time  of  replacement  the 
organ  was  of  the  same  size  as  its  fellow,  which  was  left  undisturbed 
in  the  scrotum.  The  left  testicle  very  small  in  comparison  with  the 
right,  and  so  is  the  epididymis  (nat.  size). 

Plate  XXV.,  fig.  1. — A  section  of  the  replaced  (left)  testicle  seen  in 
fig.  1,  Plate  XXIY.  The  seminal  tubules  are  small  and  atrophied, 
but  the  intertubular  connective-tissue  is  not  increased,      x  45. 

Fig.  2.  Transverse  section  of  one  of  the  seminal  tubules  seen  in 
fig.  1,  showing  the  absence  of  the  central  cells,  elongation  and  fibril- 
lation of  the  cubical  cells  at  the  periphery,  the  lumen  being  chiefly 
occupied  by  the  prolongation  of  these  cells,      x  300. 

Fig.  3.  A  transverse  section  of  an  atrophied  seminal  tubule  taken 
from  the  replaced  testicle  (Exp.  YII.),  which  was  replaced  thirty  days 
before  death,  and  which  was  then  of  full  size.  It  shows  the  large 
granular  masses  formed  by  the  degeneration  of  the  central  cells  of  the 
tubule  prior  to  their  ultimate  disappearance ;  also  the  elongation  and 
fibrillation  of  the  cells  at  the  periphery;  also  the  total  absence  of 
spermatozoarproducing  cells  and  spermatozoa,      x  450. 

Fig.  4.  A  transverse  section  of  a  seminal  tubule  taken  from  the  left 
testicle  (Exp.  YIII.),  fig.  3,  Plate  XXIY.,  which  was  replaced  in  the 
abdomen  about  three  months  before  death,  and  which  was  then  of 
full  size.  The  central  or  spermatozoa-producing  cells  have  com- 
pletely disappeared,  the  peripheral  cells  having  become  elongated 
into  a  columnar  variety  projecting  into  and  filling  the  lumen,  the 
protoplasm  of  the  cells  is  much  fibnllated  in  the  long  axis  of  the  cella 
x350. 

Fig.  5.  Sections  of  the  tubules  of  the  testis  of  a  boy  four  to  five 
years  old,  longitudinal  and  transverse ;  each  is  seen  to  be  composed  at 
this  time  of  life  of  solid  rods  or  columns  of  cells,  which  all  present  much 
tbe  same  appearance.  In  process  of  development  these  cells  would 
differentiate  themselves  into  circumferential  cubical  cells  and  central 
polygonal  spermatozoa-producing  cells. 


[Tablb 


500 


CHANGES  IN  THE  TESTICLE  OF  THE  DOO. 


^ 
^ 


I 

S3 


about,    and 

5    ^• 

• 

0 

•s 

•S3 

^ 

1 

(^ 

II 

a 

1 

to 

n 

0 

i 

1 

• 

•si 

5  •'i 

a 

1-^ 

i| 
Is 

0 

si 

^•2 

o 

1 

Eg 

s 

(5 

|l 

g 

0   0 

B 

U    0    > 

.ll 

««* 

o> 

CO 

t^ 

A 

t- 

ri 

o 

^l 

oo 

o» 

«o 

00 

CO 

o 

OO 

ri 

C4 

.    1 

• 

6 

• 

a 

• 

a 

• 

a 

• 

a 

• 

a 

• 

a 

• 

a 

B 

Testicli 
Death. 

n 

a 

a 

a 

a 

a 

a 

a 

S 

f-i 

Oil 

eo 

"* 

w 

CO 

kO 

C9 

»<. 

ri 

1-* 

tH 

•H 

1-1 

rH 

t^ 

l-< 

^^ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

«5 

• 

S 

a 

• 

a 

• 

a 

• 

a 

• 

a 

4 

• 

c 

P 

n 

a 

a 

a 

a 

a 

a 

a 

i 

OQ 

lO 

00 

^• 

r* 

«D 

t^ 

o 

00 

r<» 

f-H 

ri 

»-• 

r-t 

rH 

f^ 

CI 

1-H 

o< 

esticle 
terlment. 

• 

B 

• 

a 

• 

a 

m 

a 

• 

a 

■ 

a 

• 

a 

• 

a 

• 

B 

B 

a 

a 

a 

a 

s 

a 

s 

a 

(N 

C4 

CJ 

Ol 

o 

«o 

o 

o 

«>* 

•-• 

•H 

ri 

i-l 

!-• 

rH 

rH 

Ol 

»^ 

zs 

X 

X 

X 

X 

X 

X 

X 

X 

X 

II 

« 

B 

• 

a 

a 

• 

a 

• 

a 

• 

a 

• 

a 

• 

a 

B 

a 

a 

a 

a 

a 

a 

a 

a 

«"^ 

to 

kO 

to 

U3 

Oi 

04 

o 

o 

t* 

JO 

l-l 

ri 

rH 

rH 

rH 

Oi 

CO 

oo 

e« 

"S 

C4 

• 

H 

09 

• 

• 

C4 

1 

Oi 

o> 

• 

04 

O) 

• 

1 

• 

o 

f-H 

od 

• 

• 

o 

CO 

00 

• 

1-H 

CO 

r1 

• 

!!  a 

if 

^a 

H 

!i 

i| 

5 

• 

II 

•S3 

^1 

-"3 

1 

1 

O    CD 

o  o 

-g-s 

-g-s 

•s-s 

?1^ 

OB»T* 

«  '7* 

Cfl  i-H 

c8  rrl 

*  rr! 

c6  1— • 

cSt; 

etf  t! 

o  a 

i-S    O 

»^    ^ 

•—1   O 

r-S    o 

P-S   o 

fS    O 

rS    O 

r-;    O 

S  2 

&*- 

^^ 

£•- 

S-'-C 

g^'-C 

S**^ 

S-*"{3 

e<a 

i  6 

& 

& 

eS 

^ 

(S 

(S 

(S 

& 

(3 

(N 

Ob 

f-« 

»H 

Ok 

e^ 

09 

r-* 

o» 

^^* 

Od 

Ob 

s^w 

a» 

a» 

1 

..4 

• 

• 

>- 

• 

X 
•1^ 

• 

• 

> 

F^ 

• 

(M 

■ 

• 

• 
00 

;S 

(N 

05 

o 

• 

00 

■ 

to 

1 

1 

•§    ? 

09 

■ 

• 

■s 

^1 

§. 

g.'S 

§ 

&"§ 

& 

1 

h  6 

I 

8 

i 

|a 
^  s 

111 

ll 

a 

U 

i 

• 
o 

fo 

PE, 

ph 

(^ 

» 

Pm 

Cm 

CO 

U4 

■ 

fH 

04 

00 

•* 

kO 

«D 

b» 

00 

A 

SYMMETRICAL  DEPRESSIONS  ON  THE  EXTERIOR 
SURFACE  OF  THE  PARIETAL  BONES  (WITH 
NOTES  OF  THREE  CASES).  By  Francis  J.  Shepherd, 
M.D.,  Professor  of  Ariatomy,  M'Oill  University^  Montreal. 

The  occurrence  of  symmetrical  depressions  of  the  parietal  bones 
has  occasionally  been  noticed,  but  to  Sir  George  Humphry  we 
are  indebted  for  bringing  the  subject  prominently  before 
Anatomists — first  in  his  able  work  on  the  human  skeleton 
(p.  242),  and  secondly  (vol.  viiL)  of  the  Jov/mal  of  Anatomy 
and  Physiology  (p.  136),  in  an  article  entitled  "  Depressions  in 
the  Parietal  Bones  of  an  Orang  and  of  Man." 

The  occurrence  of  these  depressions  Professor  Humphry  could 
not  explain:  they  are  certainly  not  the  result  of  accident  or 
disease,  nor  are  they  always  the  result  of  senile  changes,  for  the 
case  of  an  infant  bom  with  a  parietal  depression  is  cited  in  the 
treatise  on  the  human  skeleton,  and  in  my  third  case  the  patient 
had  always  had  the  depressions. 

In  addition  to  the  parietal  depressions,  which  are  usually  of 
large  size,  measuring  nearly  7  cmm.  in  length  by  5  or  6  in 
breadth,  and  situated  parallel  to  and  half  an  inch  from  the  sagittal 
suture,  there  is  often  a  thinning  of  the  sagittal  suture  itself, 
and,  as  in  a  case  of  my  own  reported  below,  the  lambdoidal 
suture  as  well. 

These  changes  in  connection  with  the  sutures  are  probably 
senile,  for  all  the  cases  reported  were  in  old  women. 

Paget  regards  the  condition  as  due  to  atrophy,  and  Mair 
(Virckow*s  Archiv,  viL  338)  looks  upon  it  as  one  of  senile 
osteoporosis. 

In  Professor  Humphry's  treatise  on  the  human  skeleton,  six 
cases  are  referred  to,  four  of  which  were  in  the  Dupuytren 
Museum  in  Paris,  one  at  Cambridge,  and  one  in  Berlin,  but  at 
present  specimens  of  this  condition  are  not  uncommon,  and  are 
found  in  most  museums.  The  depressions  are  at  the  expense 
of  the  two  outer  tables,  ovoid  in  form,  smooth,  and  situated 
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between  the  sagittal  suture  and  the  parietal  eminences.  The 
depressions  extend  forwards  to  a  short  distance  from  the  coronal 
suture.  When  seen  as  a  dry  preparation,  the  skull  has  an 
appearance  as  if  the  two  outer  tables  of  bone  had  been  sliced 
out,  leaving  only  the  inner  table,  which  is  of  the  thickness  of 
parchment  and  quite  translucent.  On  looking  at  the  inner 
surface  of  the  skull  opposite  to  the  depressions  we  find  the  bone 
perfectly  normal  in  appearance  and  quite  smooth,  shovring  no 
evidence  of  external  indentation. 

It  has  been  my  fortune  to  meet  with  no  less  than  three  cases: 
two  in  the  dissecting-room,  and  one  in  a  Uving  individnaL 

Cabb  I. — This  has  already  been  published  {Mcnireal  Chmeral 
Hospital  Reportj  vol.  i.  p.  72).  The  case  occurred  in  a  female  sub- 
ject aged  forty ;  the  depressions  existed  on  each  parietal  bone,  were 
ovoid  in  shape  and  symmetrical,  measuring  7  cmm.  in  length  by  5 
in  breadth. 

The  depressions  were  quite  smooth,  and  '*  had  the  appearance  of 
having  been  scooped  out  by  some  sharp  instrument."  The  bone  at 
the  bottom  of  these  depressions  was  of  the  thickness  of  paper. 

Cass  II. — This  also  has  been  reported  {Annals  of  Anaicmy  and 
Surgery,  vol.  vi.  1882).     I  transcribe  the  description  of  the  case  : — 

**  The  skullcap  of  an  old  woman  over  seventy  presented  a  remark- 
able appearance.  In  each  parietal  bone,  1  cm.  from  the  sagittal 
suture,  is  an  oblong,  ovoid,  smooth  depression,  measuring  on  the  right 
side  7  cmm.  in  length  by  5  cmm.  in  breadth,  and  on  the  left  8 
cmm.  in  length  by  5*5  in  breadth.^ 

**  These  depressions  are  about  one  centimetre  in  depth,  and  as  tfaey 
approach  the  coronal  suture  they  increase  their  distance  from  the 
sagittal.  Thej  terminate  anteriorly  3  cmm.  from  the  coronal 
suture.  The  deficiency  of  bone  is  evidently  at  the  expense  of  the 
outer  and  middle  tables,  for  the  inner  surface  of  the  skullcap  is 
perfectly  smooth,  the  bone  at  the  bottom  of  the  depressions  is  quite 
transparent  and  of  the  thickness  of  parchment.  In  addition  to  the 
above  described  depressions,  others  are  seen  in  the  course  of  the 
lambdoidal  suture.''  These  depressions  were  similar  to  the  parietal 
ones,  and  measured  5  cmm.,  by  1*5  cmm. 

All  the  bones  of  the  body  in  this  old  woman  were  atrophied,  and  of 
almost  papery  thinness.  There  was  an  intracapsular  fracture  of  the 
right  femur. 

Case  III. — This  is  the  most  interesting  of  all  the  cases,  because  it 
occurred  in  a  living  person,  and  the  congenital  histcny  is  well 
established. 

^  Thia  specimen  ia  in  the  Medical  Mneeum,  M'Gill  University. 


EXTERIOR  SURFACE  OF  THE  PARIETAL  BONES.  603 

The  patient,  Mn  B.,  aged  sizty-two,  oame  to  me  in  1890,  Buffering 
gpreat  agony  from  long-continued  parozyBmal  neuralgia  of  the  superior 
maxillary  division  of  the  fifth  nerve,  for  which  I  stretched  the 
infraorbital  branch  with  good  effect  As  soon  as  she  was  under  ether 
I  noticed  a  remarkable  depression  on  each  side  of  the  sagittal  suture, 
extending  outwards  as  far  as  the  parietal  eminence ;  these  depressions, 
owing  to  the  great  emaciation  of  the  woman  from  long  years  of 
Buffering,  were  well  seen,  and  could  be  easily  measured.  Each  one 
"was  6  cm.  wide  by  8  cm.  long,  and  apparently  of  the  depth  of  the 
'thickness  of  one's  finger,  say  1*6  cm.  The  patient,  on  my  sub- 
sequently questioning  her  regarding  these  parietal  depressions,  was 
much  amused,  and  said  I  was  the  first  medical  man  who  had  ever 
noticed  them.  She  then  went  on  to  say  that  ever  since  she  could 
remember  they  had  existed,  but  were  more  apparent  now  on  account 
of  the  emaciated  condition  in  which  she  was.  She  also  said  that  her 
father  had  had  similar  depressions  on  his  head. 

Now,  this  case  supports  the  congenital  theory  of  some  of  the 
cases,  and  also  would  suggest  its  hereditary  nature.  This 
patient  I  saw  a  short  time  since,  and  again  measured  the 
depressions;  they  were  exactly  the  same  size  as  three  years 
before.  These  parietal  depressions  do  not  occur  at  the  centre 
of  ossification,  and  must  not  be  confounded  with  the  cases 
described  by  Sir  James  Paget,  where  at  each  parietal  eminence 
there  is  a  depression  "  such  as  the  thumb  would  make  if  pressed 
iu  soft  clay."  In  the  cases  above  described,  which  I  have  no 
doubt  are  congenital,  the  depressions  are  of  large  size,  and  do  not 
'  involve  the  centres  of  ossification. 

Now,  what  is  the  significance  of  these  depressions,  and  how 
are  they  produced  ?  No  doubt  many  of  the  cases  which  occur 
iu  very  aged  females  are  due  to  senile  atrophy,  and  Professor 
Sir  George  Humphry  has  thrown  out  the  suggestion  that  the 
formation  of  these  parietal  depressions  may  be  due  to  the  effect 
of  pressure  of  the  occipito-frontalis  tendon,  but  the  comparative 
rarity  of  the  condition  would,  it  seems  to  me,  be  strongly  against 
this  explanation. 

It  is  more  probable  that  the  more  advanced  senile  changes 
in  the  arteries  (temporal)  going  to  this  part,  uncovered  by 
muscular  tissue,  would  interfere  with  the  nutritiou  of  the 
external  surface  of  the  bone,  whilst  the  inner  surface  supplied 
by  the  middle  meningeal  would  remain  normal,  chiefly  from  the 
fact  that  the  senile  changes  in  this  vessel  would  not  be  so 
extreme. 
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In  some  of  the  cases,  however,  senile  changes  will  not  explain 
the  condition,  for  cases  have  been  recorded  as  occurring  in 
infants  and  children,  and  Professor  Humphry  has  observal 
somewhat  similar  depressions  on  the  skull  of  the  orang. 

In  the  third  case  reported  above,  the  condition  was  evidently 
congenital  and  hereditary.  Whether  these  cases  are  reversions 
to  an  earlier  condition  or  not  I  cannot  say,  but  I  think  the 
congenital  and  perhaps  hereditary  nature  of  these  depressions 
in  some  cases,  at  least,  is  fairly  proven. 

From  a  medico-legal  standpoint,  these  cases  are  especially 
interesting,  for  it  can  be  easily  imagined  that  with  the  slightest 
amount  of  injury  the  most  serious  results  might  ensua 


ON  THE  MORPHOLOGY  OF  THE  MUSCULUS  STER- 
NAUS.  By  F.  G.  Paksons,  F.R.C.S.,  Lecturer  on 
Comparative  Anatomy  and  Demonstrator  of  Human 
AnaUymy  at  St  Thomas's  Hospital. 

The  morphological  significance  of  the  muscnlus  stemalifi  has 
given  rise  to  such  great  difference  of  opinion  among  Anatomists 
that  every  point  seeming  to  bear  out  any  of  the  existing  hypo- 
theses is  worth  recording  and  subjecting  to  criticism. 
The  main  facts  hitherto  noticed  about  this  muscle  are — 

1.  That  it  occurs  in  from  3  to  5  per  cent,  of  human  subjects, 
though  much  more  commonly  in  anencephalous  monsters. 

2.  That  it  occurs  in  nearly  the  same  proportion  in  male  and 
female  subjects. 

8.  That  it  is  not  found  as  a  definite  muscle  in  any  of  the 
lower  animals. 

4.  That  it  always  lies  superficial  to  the  pectoralis  major. 

5.  That  it  is  very  frequently  continuous  with  the  stemo- 
mastoid  above. 

6.  That  below,  it  is  usually  attached  to  the  aponeurosis  of  the 
external  oblique,  or  at  all  events  to  the  sheath  of  that  muscle, 
which  is  blended  with  the  aponeurosis. 

7.  That  it  may  be  uni-  or  bi-lateral. 

8.  When  it  is  unilateral,  it  may  cross  the  mid- line  obliquely. 
When  it  is  bilateral,  the  two  muscles  are  frequently  connected 
across  the  middle  line,  or  they  may  cross  one  another  obliquely, 
forming  a  x  in  front  of  the  middle  line. 

9.  That  it  is  usually  supplied  by  one  of  the  anterior  thoracic 
nerves  (Cunningham^  and  Shepherd*),  or  by  the  intercostal 
nerves  (Bardeleben). 

10.  That  it  very  occasionally  has  tendinous  intersections. 

11.  That  when  a  well-developed  platysma  coexists  with  it, 
the  platysma  is  always  on  a  plane  superficial  to  it. 

12.  That  it  frequently  pushes  the  anterior  cutaneous  branches 

*  JounuU  of  Anatomy f  vol.  xxii.  p.  392. 
'  Ibid,,  vol.  xxiii.  p.  808. 
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of  the  intercostal  nerves  iuivards,  so  that  they  form  loops  round 
its  inner  margin. 

From  these  facts  the  following  are  the  chief  theories  that 
have  been  suggested : — 

1.  That  it  is  a  prolongation  upwards  of  the  rectus  abdo- 
minis. 

2.  That  it  is  a  muscle  peculiar  to  Man,  corresponding  to 
nothing  in  the  lower  animals  (Halbertsma). 

3.  That  it  is  a  continuation  of  the  sterno-mastoid  above  and 
of  the  external  oblique  below  (Testut). 

4.  That  it  is  a  continuation  downwards  of  the  sterno-mastoid 
(Bourrienne,  Theile,  and  Henle). 

5.  That  it  is  formed  by  fibres  of  the  pectoralis  major,  which 
have  become  rotated  at  right  angles  to  the  generality  of  the 
fibres  (Cunningham). 

6.  That  it  is  a  remnant  of  the  panniculus  carnosus  (Wilde, 
Hallet,  and  Turner^). 

The  points  for  and  against  these  various  theories  have  been 
so  fully  discussed  by  Turner  and  Cunningham  in  the  papers 
already  mentioned,  as  well  as  by  Testut  in  his  Anomalies 
Mu8cvlaire8y  that  to  recapitulate  them  is  unnecessary. 

To  my  mind,  the  theory  advocated  by  Sir  William  Turner, 
that  the  sternalis  is  a  remnant  of  the  panniculus,  carries  most 
weight,  though  until  lately  it  has  been  attended  by  two 
objections.  These  are,  firstly,  the  fact  that  the  sternalis  is  so 
frequently  connected  with  the  sterno-mastoid ;  and,  secondly, 
that  the  platysma  lies  on  a  superficial  plane  to  the  sternalis.  I 
should  like  to  point  out  one  or  two  f£U)ts  that  I  have  noticed  in 
dissecting  lower  animals,  which  seem  to  bear  on  these  points^ 

In  mauy  of  the  rodents,  especially  in  the  guinea-pig,  there 
are  two  distinct  planes  of  panniculus  in  the  neck.  The  most 
superficial  runs  over  the  pectoralis,  as  in  ourselves,  and  corre- 
sponds to  the  platysma  The  deeper  plane  passes  from  the 
region  in  front  of  the  ear  to  be  attached  to  the  anterior  and 
ventral  part  of  the  sternum,  lying  on,  and  having  the  same 
direction  as,  the  sterno-mastoid. 

The  abdominal  panniculus  of  the  Agouti  I  described  in  the 

^  Journal  of  Anatomy^  1867. 
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Proceedings  of  the  ATiatomical  Society  for  February  1892,  and 
I  have  since  found  that  the  description  applies  to  some  sixteen 
other  rodents.^ 

On  reaching  the  axillary  border  of  the  pectoral  this  muscle 
divides,  and  passes,  both  superficial  and  deep,  to  it.  Moreover, 
the  ventral  panniculus  is  supplied  by  a  large  nerve,  which  also 
supplies  the  pectoral,  and  represents  the  interual  anterior 
thoracic  of  Man. 

In  Man  the  deep  abdominal  panniculus  has  probably  become 
the  fascial  sheath  over  the  external  oblique,  and  it  is  quite  pos- 
sible that  the  deep  part  of  the  cervical  panniculus  which  lies 
over  the  sterno-mastoid,  and  deep  to  the  platysma  (superficial 
cervical  panniculus),  may  have  become  incorporated  with  the 
stemo-mastoid.  If  this  is  granted,  nothing  is  simpler  than  to 
regard  the  stemalis  as  the  remnant  of  a  connection  between  the 
deep  cervical  and  the  deep  abdominal  panniculus,  seeing  that  it 
is  attached  so  often  to  the  sterno-mastoid  above  and  to  the  ex- 
ternal oblique  or  its  sheath  below. 

The  nerve  supply  of  the  stemalis  bears  out  this  view,  as 
Professor  Cunningham  and  others  have  found  that  it  is  very 
often  supplied  by  the  internal  anterior  thoracic,  the  same  nerve 
that  supplies  the  abdominal  panniculua 

This  theory,  moreover,  accounts  for  the  coexistence  of  the 
platysma  with  the  stenudis,  though  on  a  more  superficial  plane. 

I  have  given  my  reasons^  for  regarding  the  pectoralis  major 
as  derived  firom  the  panniculus;  if  these  are  accepted,  it  matters 
very  little  whether  we  regard  the  stemalis  as  part  of  the  panni- 
culus or  as  part  of  the  pectoralis  major. 

^  In  the  Proceedings  of  the  Avfli.  Soc  for  February  1802  (this  Journal,  April, 
▼ol.  xxvi)  I  showed  that  there  was  a  snperficial  and  a  deep  layer  of  abdominal 
pannicolns. 

>  Anatomical  Society,  February  1892. 


CONTRIBUTIONS  TO  THE  HISTOLOGY  OF  THE 
HEDGEHOG.  By  E.  W.  Caruee,  M.D.,  B.Sc,  F.RJLS., 
PhysioLogical  Laboratory,  University  of  Edinburgk 
(Plates  XXVL,  XXVIL)i 

Part  V.  The  So-called  Hibernating  Gland. 

This  organ,  which,  for  want  of  a  better  name,  is  usually  termed 
the  ''  hibernating  gland,"  is  a  bilateral,  lobulated  organ  of  an 
orange-brown  colour,  situated  chiefly  in  the  axillary,  cervical, 
and  dorsal  regions.  It  does  not  appear  to  extend  along  the 
aorta  into  the  chest  and  abdominal  cavities,  as  in  the  case  of  the 
marmot  and  of  some  other  hibernating  animals — at  least  in  the 
individuals  that  have  come  under  my  notice. 

The  axillary  portion,  which  is  the  most  voluminous,  is  roughly 
triangular  in  shape,  with  the  apex  directed  upwards  and  for- 
wards, to  become  continuous  over  the  sternal  end  of  the  clavicle 
with  another  similar  mass  lying  on  the  surface  of  the  stemo- 
mastoid  muscle,  in  the  septa  between  it  and  neighbouring 
muscles,  and  also  closely  investing  the  external  jugular  vein. 
On  cutting  through  the  sternal  attachment  of  the  stemo- 
mastoid  a  prolongation  of  the  organ  may  be  seen  beneath  it, 
extending  downwards  behind  the  scapula  to  the  middle  line 
posteriorly,  where  it  comes  into  relation  with  the  spinal  column, 
along  which  it  passes  downwards  for  some  distance,  giving  off 
small  lobules  that  lie  between  the  various  muscles  of  the  bacL 
Another  portion  passes  upwards  between  the  erector  muscles  of 
the  back  of  the  neck,  reaching  almost  to  the  occipital  bone.  In 
this  way  small  lobules  may  be  found  between  nearly  all  the 
muscles  of  the  back  and  neck,  giving  the  organ  a  very  wide 
area  of  distribution  along  the  lines  of  the  inter-muscular  septa, 
from  the  connective-tissue  cells  of  which  it  seems  to  arise,  so 
that  it  may  be  regarded  as  a  modification  of  connective  tissua 
Although  its  cendcal  lobes  come  into  close  anatomical  relation 
with  the  thymus  and  thyroid  bodies,  the  hibernating  gland  has 

^  Parts  I.,  IL,  III.,  and  lY.  appeared  in  vol.  xxviL  of  this  Journal. 
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no  oonnection  with  nor  stractaral  resemblance  to  them,  as  has 
been  stated  by  some  authors,  nor  does  it  in  any  way  resemble  a 
lymphatic  gland 

The  hibernating  gland  varies  in  size  at  different  periods  of 
the  year,  being  most  voluminous  towards  the  end  of  October; 
that  is  to  say,  at  the  commencement  of  the  winter  sleep,  when 
it  is  equal  to  about  3*04  per  cent,  of  the  total  body*weight.  It 
rapidly  diminishes  in  size  during  the  early  part  of  the  hiber- 
nating period,  and  at  the  beginning  of  January  only  equals  1*5 
per  cent  of  the  total  weight  of  the  animal,  which,  if  we  take 
into  account  the  great  loss  of  weight  sustained  by  the  whole 
body,  means  that  it  has  diminished  to  a  little  less  than  a  third 
of  its  original  weight.  By  the  end  of  March  it  has  decreased 
still  further,  representing  only  0*9  per  cent,  of  the  body-weight. 
After  the  animal  awakes  in  spring  it  undergoes  still  further 
atrophy  until  about  the  beginning  of  June,  when  its  only  re- 
mauent  may  be  a  few  fibrous  cords.  By  the  end  of  the  same 
month  these  begin  to  enlarge,  and  the  gland  is  practically  re- 
developed in  time  for  the  winter  sleep. 

The  period  of  year,  however,  is  not  the  only  cause  of  variation 
in  size  of  the  oigau,  for  the  age  of  the  animal  and  the  abun- 
dance and  nature  of  its  food  govern  the  maximum  size  attained 
in  any  particular  case. 

The  nerve-supply  of  the  axillary  part  of  the  gland  is  derived 
from  the  cutaneous  branches  of  the  3rd,  4th,  and  6th  inter- 
costal nerves,  which  are  of  considerable  size,  and  have  a  large 
ganglion  developed  in  connection  with  them.  The  remainder 
of  the  organ  derives  its  nerves  from  the  cutaneous  branches  of 
the  cervical  and  upper  dorsal  nerves.  The  blood-vessels,  which 
are  very  abundant,  are  derived  from  the  corresponding  inter- 
costal and  cervical  vessels^  and  form  the  inferior  thyroid  artery. 
There  is  also  an  abundant  supply  of  lymphatic  vessels. 

Mvnute  8tructv/re — LiteratV/re. — Both  Jacobson^  and  Mar- 
shall Hall'  regarded  this  organ  as  consisting  chiefly  of  a  mass 
of  fatty  tissue,  while  Prunelle^  and  Mangili^  looked  upon  it 

^  MeekeVa  Archiv,  yoL  iii.  pp.  151-152.  >  l^ys.  Trans.,  1882. 

'  "Recbeiches  sat  les  ph^nom^nes  et  sor  lea  caiuefl  da  sommeil  hiyemal  de 
qnelquea  xnammif^res,"  Annales  du  muaium  tFhistaire  naiunlU,  vol.  zviiL  p.  802. 

*  "Memoire  sar  la  l^thargie  des  marmottes,"  Anrialeadu  muaSum  (Thistoire 
fuUurdUf  vol.  ix.  p.  106. 
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rather  as  an  outgrowth  from  the  thymus  gland  Ecker^  de- 
scribed it  as  oonsisting  of  polygonal  cells  of  varyiug  sixe 
embedded  in  a  structureless  stroma,  surrounded  by  a  dense 
network  of  minute  capillary  blood-vessels.  He  found  that  in 
young  animals  the  cells  contained  much  proteid  matter,  soluble 
in  potash,  and  small  nuclei,  and  that  in  older  animals  and 
during  summer  they  contained  fat  He  recognised  that  the 
organ  has  nothing  in  common  with  the  thymus  or  any  other 
blood-gland. 

Valentin  ^  in  1857  stated  that  he  found  the  lobules  ridi  in 
nuclei,  unaffected  by  acetic  acid,  the  whole  structure  reminding 
him  of  the  thymua  Leydig^  regarded  it  as  a  sort  of  lymph- 
gland.  Hirzel  and  Frey^  studied  the  structure  of  the  organ  in 
several  hibernating  animals.  They  denied  the  existence  of 
Backer's  cells,  and  described  the  inter-capillary  spaces  as  filled 
with  an  extremely  delicate  network  of  minute  fibrils,  in  the 
interstices  of  which  the  fatty  contents  lie ;  and  that,  therefoie, 
there  is  no  similarity  of  structure  either  with  the  thymus  or 
with  lymphatic  glands.  In  fact,  they  were  unable  to  make  out 
any  glandular  structure. 

My  method  of  observation  has  been  the  following:  The 
tissues  were  fixed  at  death  either  in  Flemming's  strong  chromo- 
osmo-acetic  acid,  or  in  0*75  per  cent,  salt  solution  saturated  with 
corrosive  sublimate,  and  tskea  through  the  alcohol  series,  and 
embedded  in  paraffin  in  the  usual  way.  The  sections  were 
stained  on  the  slide  either  with  some  of  the  anilin  dyes,  or  witii 
eosin  and  hematoxylin,  or  with  Heidenhain's  iron  alum  hsemato- 
xylin,^  and  mounted  in  balsam ;  of  these  Heidenhain's  hsemato- 
xylin  gave  the  best  results.  In  some  cases  portions  of  the  tissue 
were  teased  out,  either  in  the  fresh  condition  or  after  treatment 
with  osmic  acid,  stained  in  picro-carmine  and  mounted  in 
Farrant's  solutioa  The  preparations  were  examined  with 
the  ^  oil  immersion  lens  and  compensation  eyepiece  Na  4 
of  Zeiss. 

^  « BlntgefaasdriiBen,*'  in  Wagner's  ffandtodrUrbueh  der  Physiologic,  BcL  I, 
8.  121. 
>  MoUichoU'B  UnterauehMgm,  Bd.  2,  8.  12.         >  Leydiga  Lekrlmth,  a.  481. 

*  "  Einiges  uber  den  Ban  der  aogemuinten  WinterachlafdruBen,"  in  ZeiL  /. 
WissewihafL  Zoologie,  fid.  12,  pp.  165-178. 

*  Festaehr^/Ur  v.  KoUiker,  Wurzbarg,  1892. 
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If  the  organ  be  examined  in  October, — ^that  is,  when  it  has 
attained  its  mazimum  development, — ^all  its  lobes  present  exactly 
the  same  microscopical  characters.  Eiach  lobe  is  surroanded  by 
a  fibrous  capsule  of  varying  thickness,  and  is  subdivided  into 
lobules  by  fibrous  septa.  In  these  septa  the  larger  blood-vessels, 
lymphatics,  and  nerves  ramify ;  the  capsule  often  contains  much 
adipose  tissue,  and  its  variations  in  thickness  are  mainly  due  to 
the  number  of  fat*cells  which  it  contains.  Occasionally  small 
masses  of  lymph  follicular  tissue  are  present,  both  in  the  septa 
and  capsule,  as  well  as  a  few  "  plasma  "-cells. 

The  lobules  consist  of  somewhat  elongated  polyhedral  cells, 
each  with  a  distinct  envelope  enclosing  protoplasm  with  a  wide* 
meshed  network,  in  the  interstices  of  which  various-sized 
droplets  of  fat  may  be  seen  (fig.  2,  PL  XX  VL).  The  globules  of 
fatf  vary  in  number  and  size  in  dififerent  cells ;  sometimes  many 
small  spherical  or  elliptical  droplets  are  present,  or  there  may 
be  only  a  few  larger  ones,  or  even  only  one  very  large  drop, 
occupying  nearly  the  whole  cell,  in  which  case  an  appearance 
not  unlike  that  of  a  &t-cell  is  produced ;  but  there  is  always 
this  difference,  that,  whereas  in  a  fully-formed  fat-cell  the  proto- 
plasm has  almost  entirely  diBappeared  and  the  nucleus  has 
become  flattened  against  the  envelope,  in  the  hibernating  gland 
a  considerable  amount  of  protoplasm  always  remains  between 
the  £sit  and  the  envelope,  and  the  nucleus  retains  its  spherical 
shape. 

If  isolated  cells  be  examined,  they  appear  rounded  or  oval  in 
shape  and  measure  30  /di  to  33  /tt  in  diameter  (fig.  1,  PI.  XXVL). 
Most  of  the  cells  have  a  single  spherical  nucleus  5.7  /tt  in 
diameter;  in  some  cells  there  are  two  nuclei  The  nucleus  has 
a  definite  membrane  and  is  very  rich  in  chromatin,  so  that  its 
nucleolus  is  much  obscured  The  nucleus  usually  occupies  the 
centre  of  the  cell,  with  the  fat-droplets  round  it,  leaving  the 
periphery  of  the  protoplasm  almost  free  from  &tty  matter. 
The  organ  is  entirely  devoid  of  ducts,  so  that  the  only  channels 
by  which  its  products  can  escape  are  the  veins  and  lymphatic 
vessels. 

The  blood-supply  is  very  rich;  the  large  arteries  ramify  in 
the  septa  and  give  a  branch  to  each  lobule.  The  capillaries 
form  a  close  network  and  come  into  contact  with  the  cells,  as  iu 
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the  case  of  adipose  tissue.  The  blood  of  each  lobule  is  returned 
by  a  single  vein  that  acoompttuies  the  arteiy  and  opens  into 
larger  veins  situated  in  the  fibrous  septa.  If  the  vessels  of  a 
lobule  be  injected,  it  resembles  a  lobule  of  adipose  tissue. 
Numerous  lymphatic  capillaries  also  ramifj  throughout  the 
lobule  in  close  relation  to  the  cells,  and  open  into  large 
Ijnnphatic  vessels  situated  in  the  septa  between  the  arteries 
and  veins  (fig.  1,  PL  XXVII.). 

The  innervation  of  the  arteries  is  especially  interesting,  as 
they  exhibit,  in  addition  to  the  plexus  of  non-mednllated  nerve- 
fibres  described  by  Beale  ^  between  the  tunica  adventitia  and 
tunica  media,  a  second  fine  plexus  of  non-medullated  fibres 
between  the  media  and  intima,  the  two  plexuses  being  con* 
nected  at  somewhat  wide  intervals  by  short  communicadiq; 
fibres  that  pierce  the  tunica  media.  The  inner  plexus  is  mudi 
closer  and  finer  than  that  of  Beale,  and  exhibits  small  gangliod 
cells  at  intervals  (fig.  3,  PI.  XXVIL).  It  is  best  studied  by  stain- 
ing the  ganglion  of  the  axillary  part  of  the  organ  with  gold 
chloride,  by  Ldwit's  method,  modified  by  Ranvier,'  teasing  oat 
the  vessels,  and  endeavouring  to  tear  them  so  as  to  rupture  thdr 
outer  and  middle  coats,  and  leave  their  inner  coat  intact.  This 
is  somewhat  difficult  to  accomplish,  and  requires  patience.  The 
function  of  this  plexus  is  undoubtedly  vaso-motor. 

The  ganglion  in  connection  with  the  axillary  lobe  consists  of 
a  multitude  of  very  small  pyriform  unipolar  ganglion  cells,  lidlh 
very  long  stalks  that  usually  exhibit  one  or  two  loops ;  the  cells 
are  closely  packed  together,  and  each  of  them  has  a  single 
nerve-fibre,  its  axis-cylinder  describing  one  or  more  curves 
inside  the  envelope  before  finally  entering  the  protoplasm.  The 
envelope  surrounding  the  cell  is  merely  part  of  the  grey  sheaih 
of  the  nerve  especially  enlarged ;  there  is  no  lymph  space  lined 
by  endothelial  cells  between  it  and  the  protoplasm  of  the  cell, 
as  is  the  case  in  peripheral  ganglia  generally.  The  cell-proto- 
plasm is  granular,  and  contains  a  single  rounded  vesicular 
nucleus  with  a  minute  nucleolus.  Although  many  nerves  enter 
the  ganglion  before  being  distributed  to  the  various  parts  of  the 
organ,  all  do  not  do  so;  some  pass  directly  along  the  blood- 

*  Bow  to  Work  wUh  the  Mieroaeopey  London,  1880,  p.  147  et  seq. 

*  TtviU  Technigrue  ePffistologie,  Paris,  1875,  p.  829. 
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vessels  to  which  they  are  probably  vaso-motor,  while  others  are 
directly  traceable  to  the  vicinity  of  the  gland-cells  near  which 
they  terminate. 

Origin  of  the  CeUe  of  the  Oland. — It  may  be  observed, 
during  the  growth  of  the  organ,  that  the  cells  arise  at  the 
margin  of  the  lobules  from  small,  round,  uninudeated  granular 
counective-tiasue  cells,  very  similar  to  those  that  usually  give 
rise  to  adipose  tiasue  (fig.  1,  PL  XXVL).  These  small  cells 
slowly  enlarge,  the  nucleus  as  well  as  the  protoplasm  par* 
ticipating  in  the  growth,  a  cell  network  gradually  becomes 
apparent,  and  the  cells  begin  to  stain  of  a  dark  olive-brown 
colour  with  osmic  acid,  indicating  either  the  presence  of  fat 
diffused  throughout,  or  of  some  antecedent  substance ;  presently, 
tii^  droplets  of  fat  nuike  their  appearance,  which  increase  in 
size  and  number  with  the  growth  of  the  cell,  or  by  coalescence 
produce  several  or  even  one  large  droplet,  filling  the  whole 
cell;  a  little  protoplasm  only  remaining  under  the  capsule, 
in  which  is  the  slightly  flattened  nucleus.  The  latter  appear- 
ance is  rare,  and  the  protoplasm  is  never  so  reduced  as  in 
ordinaxy  fat-cells,  a  hollow  sphere  of  some  thickness  always 
being  present,  which  renders  them  readily  distingaishable  from 
typical  fat-cells.  As  the  cells  increase  in  size  they  lose  their 
rounded  shape,  becoming  polyhedral  by  mutual  pressure. 

From  the  foregoing  it  will  be  seen  that  Ecker's  cells  do  in 
reality  exist,  and  that  the  felted  mass  of  fibrils  described  by 
Hirzel  and  Frey  probably  resulted  from  the  imperfect  methods 
then  in  use.  The  nuclei  described  by  the  latter  investigators, 
in  the  case  of  the  bat,  in  the  middle  of  "  areas,"  are  no  doubt 
the  nuclei  of  the  cells  either  swollen  by  their  reagents,  or  in  an 
advanced  stage  of  transformation  towards  their  final  disappear- 
ance, as  will  be  presently  explained. 

Further,  the  organ  differs  so  entirely  in  structure  from  the 
thymus  and  other  blood-glands  that  it  cannot  be  mistaken  for 
them  under  the  microscope;  it  resembles  the  blood-glands 
only  in  being  ductless.  There  is  not  the  slightest  trace  of 
any  formation  or  destruction  of  blood^corpuscies  to  be  found 
in  it. 

If  the  organ  be  examined  in  January,  many  changes  will  be 
found  to  have  supervened  in  the  cells  and  in  the  appearancd  of 
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the  tissue  generally.  The  changes  seem  to  originate  in  the  cell- 
protoplasm^  the  network  of  which  appears  to  become  coarser 
and  less  regular,  resolving  itself  into  large  more  or  less  isolated 
granules,  and  the  fat  stored  in  the  cell  is  gradually  absorbed 
A  coagulable  material,  derived,  I  believe,  from  the  protoplasm, 
makes  its  appearance  among  the  granules,  which  in  hardened  pre- 
parations is  homogeneous  and  celloid-looking  (fig.  4,  PL  XXVL) ; 
at  present  I  am  unable  to  state  the  nature  of  this  product, 
which,  howevei^  I  can  say  is  certainly  not  glycogen.  It  is 
insoluble  in  water  and  in  alcohol,  but  is  sparingly  soluble  in 
ether.  From  the  spaces  in  the  cell  it  passes  into  and  distends  the 
lymph-capillaries  between  the  cells  and  also  the  larger  lymphatic 
vessels  situated  in  the  fibrous  septa  (figs.  1  and  2,  PI.  XXVIL). 
The  whole  cell-protoplasm  appears  eventually  to  be  converted 
into  this  material  and  to  be  carried  away  by  the  lymph-stream, 
and  is  probably  of  service  in  the  nutrition  of  the  body.  The 
production  of  this  material  begins  with  hibernation,  and  may 
even  be  seen  distending  the  lymphatics  as  early  as  October. 
The  cell  wall,  which  for  a  short  time  remains  distinct,  is  pre- 
sently lost  to  view,  when  it  becomes  extremely  di£5icult  or  quite 
impossible  to  distinguish  one  cell  from  another. 

Whilst  these  changes  are  occuiTing  in  the  cell-protoplasm, 
other  changes  of  no  less  importance  are  taking  place  in  the 
nuclei,  which  are  probably  produced  by  excess  of  nourishment, 
since  the  nucleus  lies  in  the  centre  of  a  mass  of  nutrient 
material.  They  gradually  swell  up,  and  assume  a  more  perfectly 
spherical  shape.  In  so  doing  the  chromatin  either  actually 
diminishes  in  amount,  which  it  certainly  does  a  little  later,  or, 
being  spread  over  a  larger  surface,  appears  to  be  diminished, 
thereby  revealing  its  net-like  arrangement  and  the  structures  situ- 
ated within  it.  These  consist  of  a  nucleolus  of  considerable  size 
which  stains  deeply,  in  which  one  or  more  minute  endo-nucleoli 
may  be  seen  as  colourless  rounded  bodies  (fig.  3,  PI.  XXVL,  and 
fig.  4,  A  and  B,  PI.  XXVII.).  Presently  the  nucleolus  may  be 
observed  to  give  off  one  or  sometimes  two  masses  of  nucleolar 
material  of  homogeneous  appearance,  which  may  be  termed  para- 
nucleoli  (fig.  4,  C,  PL  XX  VII.),  similar  to  those  sometimes  observed 
in  the  ovarian  cells  of  certain  animals.  These  would  appear  to 
result  from  an  unequal  division  of  the  nucleolus;  the  smaller 
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portion  or  portions  producing  the  para*nucleoli  gradually  mako 
their  way  towards  the  nuclear  wall,  through  which  they  pass  into 
the  cell-protoplasm,  where  they  eventually  break  down  and  dis- 
appear  (fig.  4,  D,  PL  XXVIL).  This  process  may  be  repeated 
several  times,  until  the  nucleus  itself  begins  to  degenerate.  More 
endo-nucleoli  make  their  appearance  in  it,  followed  by  the  migra- 
tion of  the  nucleolus  towards  the  nuclear  wall,  which  it  pushes 
out  before  it,  finally  producing  a  rupture  through  which  it 
escapes  into  the  cell  contents,  the  ruptured  nuclear  bag  still 
containing  a  few  chromatin  filaments  remaining  behind  in  a 
more  or  less  collapsed  condition  (fig.  4,  £,  F,  O,  H,  and  I,  PI. 
XXVn.).  The  nucleolus  travels  some  little  way  from  the  col- 
lapsed nuclear  bag,  degenerates  rapidly,  the  margins  being  first 
affected,  till  finally  it  disappears,  followed  eventually  by  the 
entire  disappearance  of  the  nuclear  bag. 

Sometimes  the  nucleolus  at  first  divides  into  two  equal 
halves,  which  is  followed  by  the  division  of  the  nucleus,  thereby 
giving  rise  to  two  nucleoli  situated  side  by  side  in  one  cell,  in 
each  of  which  para-nucleoli  soon  make  their  appearance,  the 
processes  continuing  as  above  till  both  have  disappeared. 

lliese  changes  give  rise  to  peculiar  appearances  in  the  tissue, 
the  more  so  as  they  occur  in  patches,  all  the  cells  of  one  lobule 
not  participating  in  the  change  at  one  and  the  same  time,  but 
successively.  Therefore  in  the  same  lobule  we  may  observe  the 
normal  cells  with  their  nuclei  rich  in  chromatin,  and  immedi- 
ately adjacent  to  them  a  group  of  cells  all  fused  together,  with 
nuclei  in  different  stages  of  transformation ;  fiirther,  as  the  cells 
become  absorbed  the  blood-vessels  come  closer  together,  giving 
rise  to  a  worm-eaten  appearance ;  they  also  appear  somewhat 
distended,  and  with  Heidenhain's  method  of  staining  exhibit 
in  their  interior  numerous  small  particles  of  deeply-staiaed 
material,  that  may  or  may  not  be  blood-plates,  though  they 
resemble  them  closely  in  size  and  appearance. 

Here  and  there,  also,  one  may  find  a  cell  with  a  very  large 
nucleus,  twice  or  even  thrice  the  size  usually  attained  by  the 
swollen  nuclei  No  doubt,  in  this  case,  the  cell,  situated  as  it 
is  in  the  centre  of  a  rich  supply  of  food,  takes  some  of  it  up,  to 
the  immense  advantage  of  its  nucleus,  from  the  nucleolus  of 
which  large  para-nucleoli  are  freely  given  off;   this,  however. 
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does  not  save  the  cell  from  ultimately  undergoing  the  same 
changes  as  ics  neighbours. 

Finally,  shortly  after  the  awakening  of  the  animal,  the  organ 
appears  reduced  to  a  network  of  capillary  vessels,  surrounding 
small  open  spaces,  from  which  all  or  almost  all  cell-structure  has 
disappeared  (fig.  5,  PL  XXVI.).  Any  cells  that  may  yet  remain 
exhibit  a  condition  of  advanced  fatty  degeneration. 

It  is  a  remarkable  fact  that  phagocytes,  which  are  so  com- 
monly associated  with  removal  of  tissues,  are  entirely  absait 
from  this  organ,  the  more  so  since,  as  I  have  elsawhere  shown, 
they  exist  in  vast  numbers  in  almost  every  tissue  during 
hibernation. 

The  variations  above  described  are  probably  brought  about 
by  some  trophic  change  in  the  cell,  whereby  it  is  induced  to 
manufacture  a  nutritive  material.  The  nucleus  of  the  cell 
would  naturally,  from  its  position,  be  the  first  to  profit  by  this 
supply  of  suitable  food,  and  would  consequently  grow  larger,  its 
achromatic  portion  being  apparently  the  part  to  increase.  The 
nucleolus  situated  in  the  centre  of  this  well-fed  nucleus  could 
hardly  fail  to  benefit  by  its  prosperity,  and  so  increase  in  size, 
resulting  eventually  either  in  equal  division,  or  in  the  throwing 
off  of  portions  of  its  substance,  i,e.,  the  para-nucleoli,  as  nucleoli 
are  known  to  do  in  other  well-nourished  animal  and  vegetable 
cells, — for  example,  in  ova.  At  a  later  date  the  same  cause, 
whatever  it  may  be,  that  produces  the  migration  of  the  para- 
nucleoli,  may  be  supposed  to  act  on  the  nucleolus  itself,  result- 
ing in  its  migration  and  ultimate  death  by  starvation  in  the 
cell-protoplasm,  where,  owing  to  the  absence  of  chromatin,  it  is 
unable  to  procure  suitably  elaborated  food,  as  has  been  pointed 
out  by  Dr  G.  Mann.^ 

It  seems  to  me,  therefore,  that  one  may  safely  conclude 
that  the  so-called  hibernating  gland,  which  is  found  laigely 
developed  in  all  hibernating  animals,  acts  first  as  a  storehouse 
for  fat,  which  increases  in  it  so  long  as  the  animal  obtains  food, 
but  undergoes  no  further  increase  as  soon  as  the  animal  begins 
to  hibernate ;  and  also  that  the  gland  directly  serves  to  nourish 
the  animal  during  its  long  period  of  fietsting  by  giving  up  its 

1  "The  Embryo-sac  of  Myomrus  minimus"  Trans,  and  Proe.  Bol.  Soc  JSatn,, 
1892. 
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stored  tat,  and  by  becoming  transformed,  a  few  cells  at  a  time, 
into  a  material  of  high  nutritive  value,  which  transformation  is 
probably  regulated  by  trophic  nerves  directly  under  the  control 
of  the  central  nervous  system ;  and  this  is  rendered  the  more 
probable  by  the  well-known  fiict  that  fat  alone  is  quite  insuffi- 
cient for  the  nutrition  of  the  animal  body. 


EXPLANATION  OF  PLATES  XXVI.,  XXVIL 

Plate  XXVL  fig.  1.  A  group  of  cells  of  the  hibernating  gland, 
isolated  after  fixing  in  Flemming's  strong  chromo-osmo-acetic  acid 
solution. 

a  and  h.  Young  cells  almost  devoid  of  fat. 

c.  A  young  cell,  showing  small  fatty  particles  appearing  in  the 
protoplasm. 

dy  e,  /,  g.  Various  successive  stages  in  the  growth  of  the  cells, 
showing  the  gradual  increase  in  the  amount  of  fat. 

h,  A  typical  fully  developed  cell. 

Fig.  2.  Section  of  the  gland,  fixed  in  October  in  Flemming's  strong 
solution. 

The  envelopes  and  protoplasmic  networks  of  the  cells  are  well  seen. 
The  fat  droplets  (/)  arranged  near  the  nuclei,  rich  in  chromatin  (n). 
Nucleoli  can  just  be  seen  in  them. 

(c)  Capillary  blood-vessels  between  the  cells. 

Fig.  3.  Section  of  hibernating  gland  fixed  in  January  in  corrosive 
sublimate. 

Most  of  the  cell-walls  have  now  disappeared,  and  the  protoplasmic 
network  become  indistinct;  the  fatty  contents  have  for  the  most 
part  disappeared  from  the  cells. 

The  nuclei  (n)  are  swollen  and  poor  in  chromatin,  but  exhibit  a 
distinctly  marked  nucleolus,  and  in  one  case  (jp)  a  para^nucleolus 
also. 

(c)  Capillary  blood-vessel. 

Fig.  4.  Section  of  gland  at  about  the  same  period  as  that  of  fig.  (3), 
fixed  in  corrosive  sublimate. 

The  capillary  lymph-vessels  (l)  and  spaces  ($)  in  the  cell  proto- 
plasm, which  is  rapidly  breaking  down,  are  seen  filled  with  colloid 
material 

Fig.  5.  Section  of  gland  at  the  end  of  hibernation,  fixed  in  Flem- 
ming's strong  solution. 

The  cells  have  become  reduced  to  mere  granular  debris  aggregated 
round  the  capillaries,  in  some  of  which  nuclei  may  be  seen,  leaving 
large  empty  spaces  in  the  tissue. 

Plate  XXVIL  fig.  (1).  Section  of  gland  fixed  in  Flemming's  strong 
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solution  showing  a  lymph-Tesael  distended  with  colloid  material,  and 
situated  in  a  fibrous  septum  between  two  blood-vessels. 

Fig.  (2).  A  portion  of  the  distended  lymph-vessel  of  fig.  (1)  more 
highly  magnified. 

Fig.  (3).  An  artery  of  the  ganglion  of  the  hibernating  gland, 
stained  with  gold  chloride,  showing  a  fine  non-medullated  nerve- 
plexus  under  the  tunica  media  (m),  a  portion  of  which  still  remains 
adhering  to  one  side  of  the  vessel. 

(g)  Ganglion  cell  of  the  nerve-plexus. 

Fig.  (4).  A  series  of  drawings  illustrating  the  changes  occurring  in 
the  cell  nuclei  during  hibernation. 

h,  nuclear  wall ;  n,  nucleolus ;  e,  endo-nucleolus ;  p,  para-nudeolua. 

A.  Nucleus  much  swollen,  poor  in  chromatin,  nucleolus  distinct 

R  A  similar  condition,  showing  an  endo-nucleolus. 

C.  Nucleus,  showing  a  para-nucleolus  migrating  towards  the 
nuclear  envelope. 

D.  Pararuucleolus  after  passing  through  the  nuclear  wall,  lying  in 
the  cell  protoplasm,  in  which  it  will  break  down  and  disappear. 

£.  Passage  of  the  nucleolus,  in  which  are  several  endo-nudeoli 
towards  the  nuclear  walL 

F.  Nucleolus  in  the  act  of  passing  through  the  nuclear  walL 

G.  Nucleolus  just  after  leaving  the  nucleus. 
H.  Collapse  of  the  nucleus. 

I.  Degeneration  of  the  nucleolus  and  remains  of  the  collapsed 
nuclear  bag. 


NOTES  ON  THE  DEVELOPMENT  AND  VARIATIONS 
OF  THE  ATLAS.1  By  A.  Macalister,  M.D.,  LL.D., 
D.Sc,  Professor  of  Anatomy,  Univeraity  of  Cambridge. 

The  Cambridge  Anatomical  Masenm  contains  a  large  series  of 
specimens  illustrating  the  development  and  the  variations  of  the 
atlas,  and  from  these  I  have  compiled  the  following  notes : — 

I.  Development. 

At  what  precise  time  the  cartilage  of  the  atlas  first  assumes 
its  characteristic  form  my  specimens  do  not  definitely  show. 
Id  sections  of  a  foetus  in  the  fifth  week  the  ring  of  cartilage 
seems  complete,  and  in  one  of  the  sixth  week  there  is  a  sign 
of  the  beginning  of  ossification  on  each  side  of  the  posterior 
arch  close  to  the  lateral  mass;  the  articular  cavities  between 
the  lateral  masses  and  the  condyles  are  distinct,  but  no  definite 
cavity  appears  between  the  odontoid  process  and  the  tissues 
around  it. 

In  the  third  month  the  cartilaginous  ring  of  the  atlas  is  larger 
than  that  of  any  of  the  other  vertebrae.  The  bony  nucleus  in 
the  hinder  arch  now  appears  as  a  stumpy,  slightly-curved  rod, 
about  2  mm.  long,  extending  from  the  base  of  the  pedicle 
beneath  the  vertebral  artery  (whose  lumen  is  easily  seen),  and 
forming  a  considerable  element  of  the  lamina. 

In  a  four-month  foetus  the  atlas  measures  8  mm.  coronally  by 
3  sagittally,  and  the  bony  rod  has  become  3  mm.  long,  its  anteiior 
end  invading  the  articular  mass.  In  a  specimen  about  a  week 
older  the  gristly  ring  has  become  nearly  10  mm.  in  breadth. 

Growth  seems  rapid  at  this  stage,  and  within  the  first  week 
of  the  beginning  of  the  fifth  month  the  several  muscles  attached 
to  the  posterior  arch  can  be  recognised  in  the  sections  They 
have  appeared  before  this  date,  but  are  not  easily  separable  from 
each  other.    The  ring  now  measures  11  mm.  by  5. 

About  a  week  later  the  vertebra  measures  13  mm.  by  6,  and  the 

^  Bead  in  abstract  to  the  Anatomical  Society,  May  28,  1898. 
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rod  of  bone  is  nearly  4  mm.  long.  By  this  time — i.6.,  the  middle 
of  the  fifth  month — the  gristly  odontoid  process  is  distinct  bom 
its  fibrous  surroundings,  and  there  is  a  clearly-marked  fissure 
between  it  and  the  anterior  arch  of  the  atlas  in  front  and 
the  transverse  ligament  behind.  The  bony  rod  is  club-shaped, 
slightly  dilated  at  its  hinder  end,  flattened  beneath  the  artery 
and  nerve,  and  swollen  again  anteriorly  where  it  enters  the 
cartilaginous  lateral  mass.  The  unossified  interval  between 
the  two  bony  elements  in  the  posterior  arch  is  about  4  mm.  At 
this  period  ossification  extends  outwards  into  the  cartilage  of 
the  transverse  process,  in  front  of  which  the  vertebral  artery 
ascends,  having  a  band  of  connective  tissue  anterior  to  it. 

At  the  end  of  the  fifth  month  the  atlas  measures  16  mm.  by 
9 ;  the  bony  rod  has  grown  to  6  mm.  or  7  muL  in  length :  and 
as  its  outer  end  has  extended  into  the  transverse  process,  the 
outline  of  this  rod  is  somewhat  /-shaped.  More  than  half  the 
posterior  arch  is  ossified,  and  nearly  a  third  of  the  superior 
articular  part  of  the  lateral  mass. 

Early  in  the  sixth  month  the  vertebral  ring  measures  from 
18  to  20  mm.  by  10  to  12.  The  bony  lateral  rod  is  now  9  mm. 
long,  and  the  osseous  element  in  the  transverse  process  is 
swollen  external  to  the  vertebral  artery.  Nearly  half  of  the 
lateral  mass  is  now  ossified. 

In  one  specimen  (No.  8)  there  is  a  small  secondary  centre  d 
ossification  close  to  the  front  end  of  the  left  bony  rod,  and  on  its 
inner  side  and  from  it  the  iimer  and  anterior  part  of  the  lefb 
glenoid  cavity  is  being  ossified. 

By  the  end  of  this  month  the  ring  has  grown  to  25  mm. 
coronally  by  15  sagittally,  and  the  bony  rod  is  10  mm.  long;  the 
posterior  cartilaginous  interval  being  about  6  mm.  At  this 
period  the  transverse  ligament  is  distinct  and  fibrous,  starting 
from  the  cartilage  anterior  and  internal  to  the  end  of  the  bony 
part  of  the  arch.  There  is  fibrillar  tissue  on  either  side  of  the 
odontoid  process,  which  is  continuous  into  the  sheath  of  the 
anterior  arch  on  either  side. 

In  the  seventh  mouth  the  whole  area  corresponding  to  the 
inferior  articular  surface  and  more  than  three-fourths  of  the 
posterior  arch  are  ossified,  and  the  bony  growth  in  the  lateral 
mass  extends  in  front  of  the  vertebral  artery.    The  hinder  lip 
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of  the  glenoid  cavity,  which  rises  in  front  of  the  third  stage  of 
the  vertebral  artery,  is  also  bony.  The  ring  now  measures  26 
mm.  by  15 ;  in  one  seven-months'  atlas  it  was  28  by  16.  The 
bony  rod  has  now  become  11  to  13  mm.  long. 

By  the  eighth  month  the  ring  is  82  mm.  by  18,  with  a  bony  rod 
13  mm.  long.  In  one  atlas  of  this  age  there  is  a  post-glenoid 
cartilaginous  process.  At  the  end  of  this  month  the  bone  has 
become  14-15  mm.  long,  and  at  the  end  of  the  ninth  month  it 
is  16  mm.  By  the  period  of  birth  the  atlas  has  become  32  mm. 
by  20,  and  the  posterior  nnossified  gap  is  8  to  5  mm.  long.  The 
area  from  which  the  transverse  ligament  arises  is  still  carti* 
laginous,  and  the  front  boundary  of  the  arterial  foramen  is 
fibrous,  with  an  axial  mass  of  cartilage  cells. 

As  early  as  the  seventh  month  the  outer  margin  of  the  glenoid 
cavity  begins  to  show  a  prominent  angle  anteriorly  at  the  place 
where  the  last-named  fibrous  tissue  is  attached.  This  has  become 
a  definite  process  in  the  costal  angle  of  the  glenoid  cavity,  by 
the  ninth  mouth. 

In  none  of  the  thirty  full-time  foetuses  wherein  I  have  examined 
the  atlas  have  I  found  any  trace  of  ossification  in  the  anterior 
arch.  Meckel  found  a  round  bony  nucleus  in  the  middle  of  this 
arch  in  one  out  of  thirty  skeletons  which  he  examined.  As  it 
has  thus  occurred  only  once  in  sixty  specimens,  such  premature 
ossification  must  be  rare.  On  the  other  hand,  I  found  the  arch 
entirely  cartilaginous,  with  no  trace  of  bone,  in  an  infant  twenty 
months  old,  although  the  ossification  of  the  glenoid  cavity  was 
largely  advanced,  and  the  costal  angle  was  thick  and  strong.  In 
this  specimen  the  posterior  lip  of  the  glenoid  cavity  is  pro- 
longed to  overlap  the  vertebral  artery.  In  the  neck  of  a 
Peruvian  mummied  infant  of  about  one  year  of  age  the  arch  is 
also  completely  gristly. 

In  the  atlas  of  a  child  eight  months  old  (No.  57),  ossification 
has  begun  iu  the  front  arch  by  the  formation  of  an  asymmetrical 
central  nucleus,  wider  above  than  below,  and  extending  from  the 
upper  to  the  lower  border  of  the  arch.  This  nucleus  is  3  mm. 
wide. 

Iu  atlas  No.  18,  from  a  boy  aged  five  months,  the  bony  nucleus 
measures  6  mm.  by  2.  Its  upper  edge  is  trilobed,  and  its  left 
end  may  have  originated  from  a  separate  centre,  but  if  so,  the 
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two  are  united.  The  glenoid  cavity  is  ossified  for  three-fourths 
of  its  extent,  and  its  hinder  edge  is  fairly  prominent.  The 
bony  nucleus  is  as  broad  as  the  odontoid  process,  and  the  costal 
angle  is  prominent. 

Sections  of  the  anterior  arch  before  it  ossifies  show  that  while 
its  lateral  portions  which  abut  on  the  articular  mass  are  made 
of  hyaline  cartilage,  there  is  a  median  region  in  which  the  carti- 
lage is  invaded  by  the  fibrous  tissue  which  surrounds  it,  so  that 
although  its  central  core  remains  cartilaginous,  it  is  surrounded 
by  an  area  of  fibro-cartilage,  shading  oS  into  the  superficial 
layer  of  fibrous  tissue.    The  cartilage  cells  are  smaller  in  this 
central  region  than  in  the  lateral  mass.    A  large  vessel  traverses 
the  cartilage  at  the  level  where  the  arch  merges  into  the  lateral 
mass.    In  one  section  ossification  appears  about  to  begin  in  the 
superficial  fibro-cartilaginous  area,  nearer  to  the  ventral  than  to 
the  dorsal  side  of  the  arch.     Sir  G.  Humphry  ^  describes  the 
embryonic  anterior  arch  as  fibrous,  but  this  statement  requires 
to  be  modified  in  view  of  the  present  observations. 

In  an  infant's  atlas  (No.  56,  from  a  child  fifteen  months  old), 
there  are  two  bony  centres,  of  which  the  left  is  the  laxj^er. 
They  are  separated  by  a  deep  notch  above,  and  by  a  vertical 
linear  interval  in  front,  but  they  have  united  posteriorly  where 
they  abut  on  the  odontoid  process.  The  posterior  arch  in  this 
atlas  is  widely  open,  and  the  anterior  limb  of  the  arterial  fora- 
men is  unossified,  although  the  costal  angle  of  the  glenoid 
cavity  is  distinct  The  twin  centres  in  the  arch  measure  trans- 
versely, the  right  4  mm.,  the  left  7. 

In  No.  19,  from  a  child  three  years  old,  there  is  a  stout 
conical  costal  spur  from  the  lip  of  the  glenoid  cavity,  connected 
to  the  transverse  process  by  a  short  fibro-cartilaginous  band 
The  posterior  gap  of  the  arch  is  6  mm.  long.  The  single 
nucleus  in  the  anterior  arch  is  in  shape  like  a  very  oblate 
patella,  10  mm.  wide  by  4  in  vertical  depth.  There  is  a  trace 
of  a  central  anterior  tubercle,  but  no  sign  that  the  centre  was 
ever  double. 

In  No.  22,  from  a  boy  of  three  and  a  half  years,  the  author 
nucleus  is  also  single,  widely  heart-shaped,  12  mm.  wide,  a^th  a 
distinct  median  tubercle.     This  centre  exceeded  the  witf^th  of 

1  ffuman-Skeletan,  p.  1S2.  U 
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the  partly  cartilaginous  and  partly  bony  odontoid  process. 
There  is  a  longer  costal  spur  than  in  the  last,  and  the  posterior 
arch  is  still  open. 

In  No.  23,  from  an  Egyptian  girl  of  about  the  same  age,  or 
perhaps  rather  older,  probably  nearly  four,  there  is  a  much 
soialler  costal  process,  but  the  anterior  arch-nucleus  is  larger, 
measuring  12  by  4  mm.  This  atlas  is  singularly  round,  the 
ring  measuring  49  mm.  coronally  by  39  stigittally.  The  posterior 
arch  is  as  yet  unclosed,  but  the  two  laminsB  are  practically  in 
contact. 

In  the  atlas  from  a  child  four  years  old  (No.  24),  there  is  a 
distinctly  bilobed  bony  nucleus  in  the  anterior  arch.  This 
specimen  resembles  in  character  that  figured  by  Sir  O. 
Humphry,^  but  the  two  parts  are  more  closely  united  than  in  his 
specimen :  in  my  example  the  left  portion  is  5  mm.  coroually, 
while  the  right  is  10.  These  proportions  are  the  reverse  of  those 
shown  in  his  figure.  The  original  duality  of  the  nucleus  is  still 
evident  when  viewed  from  above  or  from  behind,  but  the  two 
parts  have  perfectly  fused  below  and  in  front.  The  attachment  of 
the  transverse  ligament  was  in  the  interval  between  the  lateral 
mass  and  the  anterior  arch.  The  hinder  arch  is  not  yet  closed. 
The  front  end  of  the  lateral  bony  arch  is  much  lobed  where  it 
lies  in  the  cartilage  of  the  articular  mass,  and  the  costal  process 
is  still  unossified  at  its  junction  with  the  transverse  process. 

In  No.  59,  from  a  boy  aged  four  years  and  a  half,  the  posterior 
arch  is  still  open,  but  the  laminae  are  in  contact.  There  was  a 
thin  layer  of  cartilage  over  the  spinous  area,  overlapping  the 
contiguous  ends.  The  anterior  arch-nucleus  is  still  divided  on 
a  level  a  little  ou  one  side  of  the  median  line,  the  right  ossicle 
being  9  mm.,  the  left  7  in  coronal  breadth.  In  this  case  the 
separation  is  most  clear  behind  and  below.  The  costal  processes 
have  stretched  out  in  front  of  the  artery,  but  are  still  unossified 
to  the  transverse  processes. 

No.  25,  from  a  girl  of  about  the  same  age,  shows  a  large 
central  nucleus  in  the  anterior  arch,  extending  across  the  median 
line,  and  with  a  well-marked  anterior  tubercle.  To  the  left  of 
this  is  a  second  small  ossicle  3  mm.  transversely,  which  forms 
the  anterior  end  of  the  left  glenoid  cavity.    The  larger  bone  is 

^  Xoe.  cU,t  plate  Tiii.  fig.  2. 
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15  mm.  in  transverse  width.  The  hinder  arches  are  in  contifl 
but  not  coalescent.  The  whole  of  the  facet  for  the  odanuM 
process  is  on  the  larger  bone. 

The  atlas  of  an  Egyptian  boy  of  about  five  yeats  of  age  (Xa 
26)  shows  a  single  central  bone  in  the  anterior  arch,  27  ma 
long,  joined  by  a  thin  plane  of  cartilage  to  the  primary  latani 
ossifications.  The  posterior  arch  is  closed,  and  the  aolfflff 
tubercle  is  large,  and  bears  below  an  impression  for  the  n]^ 
end  of  the  anterior  common  vertebral  ligament.  The  tubeicle 
of  the  transverse  process  is  beginning  to  differentiate,  and  t]tf 
arterial  foramen  is  nearly  closed. 

A  specimen  of  about  the  same  age  shows  a  similar  oondili» 
of  the  anterior  arch,  and  a  closed  posterior  arch,  but  the  costal 
process  is  much  smaller,  leaving  the  arteriai  foramen  widely 
open  in  front. 

In  the  atlas  of  a  boy  aged  five  (No.  28),^  the  arch  has  qroos- 
tosed  to  the  lateral  mass  on  the  left,  but  the  synchondrosis  k 
still  open  on  the  right.    Here  the  costal  process  is  otil j  separated 
from  the  transverse  process  by  a  thin  layer  of  cartilage,  and 
the  hinder  arch  is  closed.    In  a  girl  of  six  years  (29),  the  synos- 
tosis is  complete  on  the  left,  and  nearly  so  on  the  right,  an 
island  of  cartilage  only  being  left.    The  lines  of  junctioa  are 
marked  by  nearly  vertical  ridges.    The  transverse  foramen  is 
closed.     This  specimen  shows  also  a  trace  of  an  ecto-glenoid 
sulcus.    The  arch  is  quite  consolidated  in  a  boy  aged  seven  (Na 
80),  but  the  lines  marking  the  synostosis  are  distinct     The 
arterial  foramen  is  closed,  but  there  is  an  apical  vertical  groove 
on  the  transverse  process  which  was  filled  by  cartilage.    The 
sutural  ridge    has    almost    disappeared  in  the  atlas   of  an 
Egyptian  boy  aged  ten^  and  excepting  a  few  strong  vertical  ban 
in  the  cancellous  tissue  at  the  site  of  the  union,  there  is  no  sign 
of  the  original  separation  of  the  parts  visible  in  the  section  of 
the  bone. 

The  central  arch-element  is  always  wider  along  its  upper 
border  than  along  its  lower,  and  forms  scarcely  any  part  of  the 
atlanto-axial  articular  surfEtce. 

After  birth  the  growth  of  the  atlas  is  rapid :  at  the  end  of  the 

^  Figured  by  Hampbry  {loe.  ciLf  viii.  fig.  8.)    The  specimen  figured  in  the 
same  plate,  fig.  2,  is  not  in  the  Cambridge  Moaoum. 
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first  year  it  averages  36  mm.  by  20,  at  the  end  of  the  second  42 
by  20,  at  the  end  of  the  third  45  by  26,  at  the  end  of  the  fourth 
52  by  30,  at  the  end  of  the  sixth  60  by  30,  at  the  end  of  the 
eighth  63  by  47.  From  this  onward,  growth  is  slower.  The 
adult  male  atlas  averages  74  by  45 ;  the  avrerage  adult  female 
70  by  42.  The  largest  male  atlas  in  our  collection  is  90  by  52, 
the  smallest  adult  atlas  is  61  by  36. 

Terminal  epiphyses  at  the  extremity  of  the  transverse  pro- 
cesses are  rare.  I  have  two  specimens  showing  these,  one  being 
the  atlas  of  an  Australian  aged  about  eighteen. 

The  variable  process  to  which  I  shall  again  refer,  which  pro- 
jects from  the  hinder  lip  of  the  glenoid  cavity  and  overlaps  the 
vertebral  artery,  and  for  which  I  propose  the  name  poet-glenoid 
procesSj  occasionally  presents  a  separate  centre.  In  one  speci- 
men (Na  60),  from  a  boy  aged  nine,  this  appears  as  a  wheat- 
grain-like  nucleus  measuring  6  mm.  by  3,  from  whose  hinder 
border  the  oblique  ligament  stretches  to  the  post-arterial  ridge 
on  the  lamina. 

Text-books  differ  somewhat  in  their  accounts  of  the  develop- 
ment of  this  bone.  Bichat  describes  five  centres— one  for  the 
anterior  arch,  two  for  the  posterior,  and  two  for  the  lateral 
masses.  Cloquet  assents  to  this  as  occasionally  true,  but  says 
that  more  frequently  there  are  only  three  or  four— one  or  two 
for  the  anterior  arch,  and  two  for  the  rest  of  the  bone. 

Meckel  describes  the  anterior  arch  as  arising  by  one  or  several 
nuclei,  these  uniting  together  before  they  join  the  lateral 
masses.  He  also  describes  a  rounded  posterior  ossicle  as  occur- 
ring in  the  middle  of  the  posterior  arch.  Humphry's  account 
in  geueral  accords  with  that  of  Meckel,  but  he  describes  the 
anterior  arch  as  sometimes  formed  by  an  ingrowth  from  the 
lateral  masses,  with  no  independent  centre.  The  evidence  for 
this  is  apparently  derived  from  the  appearances  presented  in 
some  anomalies  and  will  be  discussed  later,  but  no  specimen  has 
yet  been  described  in  which  the  formation  of  an  anterior  arch 
by  such  ingrowths  has  been  seen  in  progress. 

Humphry  speaks  of  the  soft  parts  of  the  posterior  arch  in 
the  child  as  fibrous;  it  is  really  cartilaginoua  The  uniting 
material  of  the  infantile  costal  and  transverse  processes  he 
speaks  of  as  fibrous  or  cartilaginous.    It  is  usually  fibrous  for 
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the  most  part  at  its  middle  or  thinnest  portion^but  with  a  carti- 
laginous core. 

The  other  authors  mainly  follow  Humphry.  Gray  speaks  of 
the  anterior  arch  as  usually  completed  by  ingrowth  from  the 
lateral  centres,  which  he  calls  neural  processes,  but  that  occasion- 
ally a  separate  nucleus  exists  for  it  which  joins  the  neural  pro- 
cesses in  front  of  the  pedicles,  or  there  may  be  two  which  join 
into  one.  Henle  adds  to  this,  that  the  bony  arch  of  the  atlas  is 
the  last  in  the  series  to  close.  Quain  follows  Meckel  in  giving 
the  date  of  the  closure  as  three  years,  and  states  that  the  union 
is  frequently  preceded  by  the  formation  of  a  distinct  spinal 
nucleus. 

From  the  study  of  my  specimens  I  deduce — 

1.  That  ossification  begins  early  in  the  seventh  week  by  two 
centres,  one  at  the  root  of  each  hinder  arch,  and  spreads  rapidly 
backwards  into  the  arch,  more  slowly  forwards  into  the  articular 
mass,  and  outwards  into  the  transverse  procesa 

2.  About  the  middle  of  the  first  year  ossification  begins 
ectosteally  in  the  anterior  arch ;  most  commonly  by  two  unequal 
but  closely-approximated  centres,  which  speedily  unite,  some- 
times within  a  few  months  of  their  appearance. 

3.  The  posterior  arch  closes  late  in  the  fourth  year.  The 
median  nucleus,  described  and  figured  by  Meckel,  must  be  an 
element  of  rare  occurrence:  in  twenty  cases  in  which  I  have 
sought  it,  I  have  found  no  trace  of  its  existence. 

4  The  anterior  arch  synostoses  to  the  lateral  mass  late  in 
the  fifth  year.  The  line  of  junction  is  at  first  marked  by  a 
ridge,  but  this  disappears  in  two  yeara 

5.  The  limbs  of  the  arterial  foramen  are  variable  in  their 
dates  of  closure.  The  hinder  and  outer  boundaries  and  the  outer 
edge  of  the  anterior  boundary  are  ossified  from  the  transverse 
process,  only  the  anterior  and  inner  part  is  costal.  Closure  usually 
takes  place  in  the  sixth  year. 

n.  Anomalies. 

A-  Of  the  anterior  m*ch. 

a.  The  inter-glenoid  interval  in  one  specimen  (48)  was  11  mm., 
in  another  (49)  was  27  mm.  These  differences  are  due  to  the 
extent  of  the  encroachment  of  the  articular  facets  on  the  archi 
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not  to  any  real  shortening.    The  inferior  inter-articular  interval 
is  also  variable  within  about  the  same  limits. 

b.  In  vertical  height  this  arch  ranges  from  8  mm.  (No.  50)  to 
17  mm.  (51).  Its  thickness  also  varies  in  the  centre,  owing  to 
the  varying  size  of  the  anterior  tubercle.  In  No.  62  this  is 
large,  and  projects  8  mm.  in  front  of  the  arch.  In  58  it  pro- 
jects  downwards  in  front  of  the  axis.  This  latter  condition  is 
due  to  the  extension  of  ossification  into  the  attachment  of  the 
anterior  ligament.  This  condition  is  well  marked  in  several  of 
my  specimens. 

On  the  other  hand,  the  tubercle  may  be,  but  very  rarely, 
obsolete,  and  the  arch  diminished  to  5  mm.  in  thickness  as  in 
No.  54.  The  form  of  this  tubercle  also  somewhat  varies,  and 
rarely  shows  some  tripartition,  the  median  part  being  for  liga- 
mentous, the  lateral  for  muscular  attachment. 

c.  In  a  few  specimens  (35, 36, 61)  there  is  an  upward  extension 
of  the  tubercle,  ossification  extending  along  the  middle  slip  of 
the  atlanto-occipital  ligament. 

cL  Upward  prolongations  of  the  arch,  independent  of  the 
tubercle,  are  common  in  old  subjects.  These  are  due  to  deeper 
ossifications  in  the  structures  resting  on  the  odontoid  process. 
In  58^  there  is  a  proceaav^  oHicvla^'is  atlantis  like  that 
described  by  Halbertsma.  This  is  a  hood-like  ossification  of 
the  tissues  above  the  articular  facet  for  the  odontoid  process, 
over  the  top  of  which  it  arches.  Similar  but  smaller  processes 
exist  in  85  and  86.  In  108,  in  which  the  arch  is  asymmetrical; 
there  is  a  tubercle  directed  upwards  at  the  inner  end  of  the 
right  glenoid  cavity,  which  must  have  touched  the  basi-occipital 
bone,  as  it  is  flat-topped. 

6.  The  intervals  between  the  round  or  oval  facet  for  the 
odontoid  process  and  the  margins  of  the  arch  are  variable,  as  are 
the  lengths  of  the  spaces  between  this  cavity  and  the  glenoid 
cavities  on  each  side.  When  these  facets  approximate,  they 
overlap  the  meridian  of  the  edge  of  the  glenoid  cavity.  This 
approximation  is  described  by  Testut,  and  is  shown  in  two  of  my 
specimens.^  ' 

/.  A  median  vertical  division  of  the  anterior  arch  is  shown  in 
Nos.  34  and  85.    In  the  former  there  is  a  slight  interval  between 

^  From  a  long  barrow,  Stoke,  Wilts.  '  AnatomU,  i.  p.  76.' 
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the  two  halves  of  the  arch»  which  was  probably  filled  by  fibro* 
cartilage. .  This  is  a  young  bone,  from  a  boy  of  abont  sixteen 
years.  The  hinder  arch  is  closed,  but  had  a  median  pit,  also 
probably  filled  by  cartilage,  and  the  costal  processes  have  not 
joined  the  transverse.  There  is  a  slight  post-gleuoid  process  on 
each  side.  This  specimen  resembles  that  figxu:ed  by  Humphry,' 
but  his  specimen  is  not  in  the  Cambridge  Museum. 

Humphry  is  of  opinion  that  in  these  cases  there  has  been  no 
nucleus  in  the  anterior  arch,  and  that  ossification  has  taken  place 
by  an  inward  extension  from  the  lateral  mass.  There  is*  how* 
ever,  in  this  specimen  a  faint  mark  on  the  left  side  as  of  the 
union  of  an  arch  centre.  If  this  be  so,  the  anomaly  is  dne  to  a 
want  of  median  union  of  twin  centres. 

In  84  the  arches,  anterior  and  posterior,  are  both  medially 
open.  The  division  in  the  anterior  passes  through  the  middle 
of  the  odontoid  facet.  This  large  atlas  is  from  a  male  adult 
lunatic,  and  has  a  remarkably  large  canal,  whose  lumen  is  38  mm. 
in  sagittal  diameter.  It  is  worthy  of  note  that  in  one  example 
of  this  anomaly,  described  by  Dapping,  the  boy  was  an  epileptic, 
liable  to  violent  spasms  when  his  head  was  forcibly  rotated. 
This  specimen  is  in  the  Museum  of  the  Infirmary  at  Frank- 
enthaL^ 

Humphry  describes  another  example  of  this  anomaly  as  in 
the  Museum  of  Guy's  Hospital^  Allen  records  two  instances,* 
and  others  are  described  by  Qrawitz.'^  Allen  quotes  Humphiy 
as  describing  an  instance  in  which  one  of  the  lateral  synchon^ 
droses  remained  open  to  adult  life.  I  can  find  no  such  ease 
recorded  by  him.  The  reference  probably  is  to  specimen  No.  29, 
in  which  one  side  had  united  before  the  other  in  a  boy  aged 
seven.  The  only  case  of  persistence  of  these  sutures  known  to 
me  is  the  one  quoted  by  Humphry  as  in  the  Mus^e  Orfila»  in 
which  both  of  these  sutures  persisted  to  adult  life. 

^  IfOe,  cU,,  pi.  viii.  fig.  4. 

*  MoUsehoU,  Untemichungcn  zur  NaJkwrWhrt  des  Jfensehen  u.  d.  TkUrt^  1857, 
ili.  p.  122 ;  Nho  Sydenham  Soeid^s  Translation  of  KunmatU  and  Tenner  m 
Convulsions,  1869,  p.  108. 

'  Loe.  a&,  183.  A  second  specimen,  described  by  Mm  as  in  the  Cambridge 
Husenm,  was  not  there  when  I  took  charge  of  the  anatomical  specimens. 

*  Jour,  o/Anat.,  xiv.,  pi.  ii.  figs.  7  and  9. 

*  Virehow^s  Arohiv,  Ixxx.  p.  468. 
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g.  Absence  of  the  whole  anterior  arch  in  the  adult  has  been 
described  in  one  unique  example  by  Professor  Dwight.^  The 
arch  here  was  replaced  by  ligaments  which  tied  the  lateral 
masses  to  the  odontoid  process. 

In  No.  34,  as  in  Allen's  cases,  the  relations  of  the  vertebral 
arteries  were  normal  In  Dapping's  instance  there  was  no  trace 
of  a  sulcus  for  the  vessel  on  the  left  side. 

h.  An  articular  facet  on  the  middle  of  the  upper  edge  of  the 
arch,  for  a  third  occipital  condyle,  is  shown  in  No.  127.  In 
No.  62  there  is  a  pressure-facet  on  one  side  of  the  median  line, 
where  this  arch  articulated  with  a  projection,  probably  a  third 
condyle  projecting  from  one  side  of  the  basion. 

B.  The  posterior  arch. 

a.  Median  deficiency  is  shown  in  Nos.  36,  37,  and  38.  In  36 
the  laminae  are  asymmetrically  directed  towards  each  other,  with 
an  intervening  gap  6  mm.  wide.  This  was  from  an  old  person. 
In  37  the  lamiusB  are  also  asymmetrical,  the  right  being  swollen 
at  its  end  as  in  one  of  the  instances  figured  by  Qrawitz.*  In 
38  this  coexists  with  large  post-glenoid  processes,  which  arti- 
culated with  the  exoccipitals.  This  condition  is  present  in 
aaencephalous  foetusea  Most  commonly  they  exist  in  the  form 
described  in  one  adult  by  Allen,  the  whole  arch  being  absent. 
In  No.  16  the  bony  parts  of  the  atlas  consisted  of  a  curved  bar 
on  each  side,  the  arch  being  entirely  open  behind ;  the  transverse 
process  is  slender,  and  there  is  a  stumpy  bony  spur  on  the  base 
of  the  rudimental  lamina,  just  under  the  place  where  the  verte- 
bral artery  should  have  been,  but  was  not 

&.  Lateral  deficiency,  as  shown  in  39,  is  not  so  common.  In 
this  the  left  lamina  is  perfect,  and  bears  the  posterior  tubercle, 
extending  across  the  middle  line ;  but  the  right  is  a  rudiment 
barely  perceptible  at  the  back  of  the  right  articular  mass.  A 
case  of  this  kind  is  described  by  Luschka,  who  notes  that  in  it 
the  transverse  process  juts  from  the  side  of  the  articular  mass 
on  that  side  :  a  similar  instance  is  described  by  Allen. 

In  commenting  on  a  specimen  in  which  this  and  the  anomaly 
A/  coexisted,  and  in  which  the  costal  processes  and  the  anterior 
tubercle  were  nearly  in  the  same  straight  line,  Allen  proposes 

^  Jour,  of  AmjA.^  zxi.  '  Loc  eit.,  pi.  xiii.  fig.  4. 
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the  hypothesis  that  the  deficiency  is  due  to  disjunction^  owing 
to  the  forcing  of  the  wide  parts  of  the  condyles  into  the  approxi- 
mated front  parts  of  the  glenoid  cavities  by  a  strong  extension 
of  the  he€ul,  as  in  face  presentation.  In  my  instances,  the  angles 
formed  by  these  three  points  are  respectively  124',  130*,  135', 
137°,  and  127° — sufficiently  near  to  the  normal  to  show  the 
inapplicability  of  the  hypothesis.  I  have  not  been  able  iq  a 
normal  atlas  to  cause  any  gaping. by  forcible  extension  of  the 
head. when  the  posterior  arch  is  carefully  cut.  It  is  also  note- 
worthy that  in  my  specimens  Nos.  64  and  68,  in  which  the  three 
named  point  form  angles  of  162"*  and  170''  with  each  other,  the 
posterior  arch  is  normal. 

c.  No.  40  has  the  lamina  attenuated  to  a  thread  on  the  right 
of  the  posterior  tubercle.  In  this  case  the  anterior  coronal 
angle  is  135% 

d.  No.  41,  from  a  young  subject,  aged  about  thirteen  years, 
has  a  median  posterior  depression,  which  was  filled  with  carti- 
lage ;  this  condition  was  also  seen  in  No.  35. 

e.  The  posterior  arch  is  often  very  slender,  with  no  posterior 
tubercle,  as  in  42  and  112.  In  43  there  is  a  very  slight  tubercle, 
with  a  depression  on  each  side  of  it.  This  arch  is  also  very 
slender  for  its  whole  extent. 

/.  No.  65  has  also  a  very  slight  median  posterior  tubercle, 
margined  by  a  depression  on  each  side,  shown  also  in  43.  In  66 
there  is  a  distinct  spur  projecting  forward  on  the  concave  side 
of  the  arch  in  the  median  line,  as  well  as  on  the  posterior  side. 

g.  The  posterior  tubercle  is  long,  extended  into  a  spine  in  No. 
67.  This  is  single,  and  9  mm.  long,  resembling  that  figured 
by  Allen.  No.  69  has  a  shorter  spinous  process,  but  it  is  bifid 
at  its  extremity. 

h.  The  posterior  tubercle  is  upturned  towards  the  occiput  in 
No.  100.  In  70,  82,  and  others,  the  whole  lamina  thickens 
gradually  towards  the  middle  line,  rising  towards  the  skulL 
Allen  conjectures  that  this  median  thickening  may  be  due  to 
the  presence  of  the  hjrpothetical  posterior  nucleus,  but  there 
is  no  evidence  of  this,  and  traces  of  uprising  are  to  be  seen  even 
where  the  arches  are  unclosed,  as  in  No&  20  and  22. 

i.  In  Nos.  71,  72,  94,  and  105  there  are  pressure-faoets  for 
articulation  with   the   hinder  edge  of  .the  occipital   foramen. 
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Cases  of  this  kind  have  been  recorded  by  Allen  and  othera  In 
one  instance  of  this  kind  noticed  in  the  dissecting-room,  I  found 
a  distinct  synovial  cavity  in  this  articulation. 

j.  The  arterial  sulcus  varies  much  in  its  distinctness  and  cir- 
cumscription. The  two  extremes  are  shown  in  No&  99  and  100. 
In  the  first  it  is  deep,  narrow,  with  a  sharp  posUarterial  ridge  ; 
iu  the  second,  as  in  101,  it  is  shallow  and  wide,  the  post-arterial 
ridge  being  placed  close  to  the  origin  of  the  posterior  i^ectus 
capitis  muscle.  The  increased  space  in  this  case  has  been  due 
to  the  increased  size  of  the  veins,  which  here  formed  a  plexus 
around  and  behind  the  vertebral  artery.  This  I  have  deter- 
mined by  injection  iu  three  other  cases. 

The  convex  margin  of  the  posterior  arch  may  be  an  even  con- 
tinuous curve  from  one  transverse  process  to  the  other,  as  in  No. 
101 ;  or,  on  the  other  hand,  the  arterial  sulcus  may  be  so  flattened 
and  widened  that  there  is  a  distinct  angle  at  the  outer  extremity 
of  the  post-arterial  ridge,  as  in  102.  In  some  of  these  cases  the 
hinder  edge  from  one  arterial  sulcus  to  the  other  is  nearly  trans- 
verse, as  in  111  and  112.  In  these  cases  the  arch  is  usually 
slender.  When  it  is  thick  and  rounded,  as  in  No.  109,  the 
laminae  generally  join  at  an  angle  medially.  In  some,  the 
laminsB  join  at  a  sharp  angle  with  no  curvature,  as  in  114. 

C.  The  post-glcTioid  process. 

The  post-glenoid  process  is  a  variable  tongue-shaped  out- 
growth from  the  hinder  and  outer  lip  of  the  glenoid  cavity.  When 
large  its  upper  surface  comes  in  contact  with  the  jugular  ridge 
of  the  occipital  bone.  This  condition  is  shown  in  No.  91,  in 
which  there  was  a  considerable  area  of  occipital  contact  outside 
the  capsule  of  the  true  condylo-glenoid  joint.  A  post-glenoid 
process  is  present  in  21  per  cent,  of  atlases  in  some  degree,  and 
as  we  have  already  seen,  may  have  ossified  from  an  iudepeudent 
centre.  From  its  hinder  edge  there  is  usually  a  fibrous  band, 
the  oblique  ligament,  separable  from  the  rest  of  the  posterior 
atlanto-ocoipital  ligament,  and  continued  backwards  to  the  post- 
arterial  ridge  on  the  lamina.  This  is  shown  in  Nos.  90  and 
others.  In  7*5  per  cent,  of  bones  this  ligament  is  ossified,  and 
forms  a  bridge  over  the  vertebral  artery  and  the  sub-occipital 
nerve.    The  bridge  is  chiefly  formed  by  the  extension  of  ossifica- 
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tioD  iato  the  ligament  from  the  post-gleuoid  end,  as  cati  be  seen 
in  92  and  60,  where  it  is  incomplete  behind ;  sometimes  it  grows 
from  the  laminar  end,  as  in  93,  but  this  is  rare,  althoagh,  on 
theoretic  grounds,  one  would  have  expected  this  to  be  the  normal 
arrangement,  as  there  is  little  doubt  of  the  general  accuracy  of 
Cielaud's  theory  that  the  postrarterial  ridge  is  morphologically 
identical  in  position  with  the  superior  oblique  processes  of  the 
other  vertebrae. 

Ossification  of  the  oblique  ligament  is  bilateral  in  3*4  per 
cent,  of  adult  bones.  It  is  single  and  right  in  2*4  per  cent., 
single  and  left  in  1*7  per  cent.  When  this  ossification  coexists 
with  an  occipital  articulation  of  the  post-glenoid  process,  it 
exactly  reproduces  the  conditions  of  a  superior  oblique  process 
comparable  with  that  of  other  vertebrsB.  This  condition  is  seen 
in  No.  95.  This  is  a  comparatively  young  bone :  as  the  syno* 
stotic  vertical  ridges  of  the  anterior  arch  have  not  yet  disappeared. 

D.  The  inferior  articular  process. 

Owing  to  the  mechanical  relations  of  the  atlas  to  the  axis, 
the  inferior  articular  process  cannot  be  represented  in  its 
typical  form.  There  is  occasionally  a  line  crossing  the  under 
side  of  the  lamina  behind  the  level  of  the  exit  of  the  second 
cervical  nerve,  which  indicates  its  position.  At  the  outer 
extremity  of  this  line,  which  approximately  corresponds  to  the 
outer  end  of  the  post-arterial  line,  there  is  often  a  small 
infra-laiminar  spur  jutting  downwards,  outwards,  and  a  little 
forwards,  which  may  end  in  a  point,  or  else  is  continued  to  the 
back  of  the  transverse  process,  thus  forming  the  hinder 
boundary  of  a  posterior  lateral  fora/nieru  The  former  condition 
is  shown  in  102,  the  latter  in  103.  The  size  of  the  foramen  is 
very  variable,  as  is  also  the  thickness  of  the  bridging  spicule, 
which  may  be  single  or  double.  A  posterior  lateral  foramen  is 
present  in  10  per  cent  of  bonea  In  2 '5  per  cent  it  is  on  both 
sides,  in  4*2  per  cent,  on  the  left,  in  3'3  per  cent  on  the  right 
When  the  opening  is  small,  I  have  found  a  minute  vein  passing 
through  it  In  103  it  transmitted  a  much  larger  vein  and  a 
small  branch  of  the  vertebral  artery.  In  another  specimen  found 
in  1887  in  the  dissecting-room,  it  transmitted  the  occipitalis  major 
nerve,  which  then  turned  downwards  to  wind  round  the  lower 
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border  of  the  obliqntis  inferior,  thus  reeembliug  the  iiurtance 
described  by  Scbwegel> 

R  The  superior  articular  cavity. 

This  cavity  on  each  side  for  the  occipital  condyle  is  so  unlike 
the  other  vertebral  articulations,  that  it  cannot  be  considered  as 
in  series  with  themi  hence  I  propose  to  call  it  the  glenoid  cavity 
of  ihs  atlas.  It  participates  in  the  characteristic  variability  of 
^be  bona  Its  surface  may  be  completely  divided  into  two,  as  in 
109  and  110*  This  I  have  found  in  8  per  cent,  on  both  sides ; 
iu  2'7  per  cent,  on  one  side,  as  in  No.  87.  Partial  division  by  a 
notch  on  the  inner  side,  as  in  106,  is  very  much  more  commonly 
present.  This  is  a  mechanical,  not  a  morphological  division. 
We  have  Seen  that  there  is  a  certain  part  of  the  glenoid  cavity 
ossified  from  the  anterior  arch,  but  this  does  not  correspond  with 
the  anterior  portion  of  a  divided  glenoid  cavity,  than  which  it 
is  much  smaller. 

In  a  normal  glenoid  cavity  the  curvatures  of  the  fore  and 
hinder  portions  are  such  that  the  cavity  may  be  conceived  as 
formed  by  the  apposition  and  continuity  of  two  concave  surfaces 
— an  anterior,  whose  surface  looks  upwards,  backwards,  and 
inwards ;  and  a  posterior,  whose  surface  looks  upwards  and  in* 
wards,  often  a  little  forwards  as  well.  In  these  cases  of  division 
the  interval  is  a  non-articular  area  across  the  line  of  union  of 
these  two  surfaces. 

On  the  outer  side  of  the  glenoid  cavity  there  is  in  18  per 
cent,  of  atlases  an  ecto-glenoid  groove  for  the  attachment  of 
the  capsular  ligament  (as  in  84).  In  some  cases  the  articular 
lip  of  the  glenoid  cavity  is  bevelled  towaids  this  (as  in  55  and 
108),  giving  an  additional  surface  for  contact  with  the  occiput 
Internal  to  the  glenoid  cavity,  and  behind  the  tubercle  for  the 
transverse  ligament,  there  is  an  ento-glenoid  fossa,  filled  in  the 
recent  state  by  a  minute  Haversian  body,  enclosed  in  a  loose 
villous  fold  of  synovial  membrane.  This  pit  is  sometimes  very 
deep,  and  its  fundus  is  bored  with  fine  holes,  through  which 
diploic  veins  escape.  Indeed  this  area,  and  the  outer  surface  of 
the  lateral  mass  towards  the  arterial  foramen,  are  the  two  chief 
regions  iu  which  vessels  enter  and  leave  the  bone.    The  Haversian 

»  ZeUxhnft/tlr  roHoMlle  MecUcin,  8  Reihe,  y.  811. 
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body  is  pressed  backwards  in  flexion  of  the  head»  forwards  in 
extension.  The  hinder  limit  of  this  ento-glenoid  fossa  is  a  strong 
ridge  of  very  solid  bone,  which  descends  from  the  hinder  extrem- 
ity of  the  glenoid  cavity  to  the  innermost  part  of  the  inferior 
articular  surfisk:^. 

The  curvatures  of  the  glenoid  cavities  are  very  variable. 
Sometimes  the  anterior  part  has  its  aspect  directed  backwards 
and  very  little  upwards,  giving  rise  to  a  very  deep  cavity,  as  in 
119 ;  in  otherd,  as  114,  the  plane  is  very  nearly  horizontal.  The 
curve  of  the  hinder  portion  is  much  less  variable  than  is  that  of 
the  anterior. 

The  anterior  extremities  of  the  glenoid  cavities  in  100  atlases 
present  the  following  varieties  in  the  lengths  of  their  intervals: 
— In  1  it  was  10  mm. ;  in  2, 12  mm. :  in  4, 14  mm. ;  in  9, 15  mm. ; 
in  9, 16  mm. ;  in  10, 17  mm. ;  in  ]  8, 18  mm. ;  in  10, 19  nun. ;  in 
9,  20  mm. ;  in  .9,  21  mm. ;  in  6,  22  mm. ;  in  5,  23  mm. ;  in  5, 
24  mm. ;  in  2,  25  mm. ;  and  in  1,  26  mm. 

The  intervals  between  the  posterior  extremities  of  these  cavi- 
ties, measured  between  their  mid-points,  are  also  subject  to 
variation,  and  these  are  more  erratic  than  those  of  the  anterior, 
owing  to  the  di£5culty  of  discounting  the  post-glenoid  processes. 
These  distances 


31  mm.  in  1 

32  „         2 

33  „         3 

34  ..         2 


9) 


35  mm.  in  15 

36  „  8 

37  „  9 

38  ..         13 


» 


39  mm.  in    7 

40  „         13 

41  „  7 

42  „  9 


II 


43  mm.  in  2 

44  „  4 
48  „  3 
60    „         2 


II 


The  axes  of  the  glenoid  cavities,  measured  from  the  foremost 
and  inmost  point  to  the  middle  of  the  hinder  edge  of  the  arti- 
cular cavities,  met  when  prolonged  anteriorly  at  angles,  which 
varied  as  follows : — 


32°  ...  1 

42°  ...  4 

62°  ...  3 

60°  ...  2 

36°  ...  2 

45°  ...  9 

55    ...  3 

62°  ...  1 

38°  ...  4 

47*  ...  6 

56    ...  5 

63°  ...  1 

40°  ...  3 

60°  ...  6 

58°  ...  2 

In  those  atlases  whose  hinder  arches  were  unconsolidated, 
these  angles  were  large — 63°,  56*,  and  53°.  In  No.  84,  open  in 
front  and  behind,  the  angle  was  the  largest  in  the  series — 70°. 
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F.  The  arteHal  foTcmven. 

This  foramen  remains  open  on  both  sides  in  *2  per  cent  of 
atlases ;  on  one  side  in  1*6  per  cent.  This  is  due  to  the  defident 
development  of  the  costal  process.  In  44  the  vascular  space  is 
ipeide  and  the  costal  process  small ;  in  45  the  left  is  widely  open, 
the  right  nearly  closed ;  in  47  the  right  is  closed,  while  the  left 
is  open ;  in  46  the  left  has  closed,  but  the  right  is  open,  as  it 
is  also  in  102  and  77. 

Lnschka,  in  speaking  of  this  anomaly,  states  that  one  or  other 
of  the  bony  limbs  of  the  transverse  process  may  be  absent  or 
imperfect ;  but  I  have  never  seen  any  case  in  which  the  transverse 
process  portion  was  unequivocally  absent.  In  No.  147,  which 
shows  this  condition,!  suspect  that  the  process,  whose  surviving 
piers  are  thread-like,  was  broken  in  cleaning  the  bone.  In 
general,  the  transverse  element  is  of  much  more  compact  bone 
than  the  costal,  which,  though  often  large,  is  usually  soft  and 
cancellous.  The  transverse  process  being  ossified  from  the 
posterior  and  the  terminal  extremity,  could  scarcely  have,  under 
any  condition,  a  primary  attachment  to  the  costal  element,  even 
though  in  some,  as  in  No.  87,  the  costal  portion  may  be  double 
the  thickness  of  the  transverse  procesa  In  some,  as  80  and  81, 
the  root  of  the  transverse  process  is  reduced  to  a  very  slender 
narrow  plate.    In  size  the  hole  varies  within  wide  limit& 

Q.  The  traTieverse  process. 

Genuine  bifidity  of  the  lateral  process,  comparable  with  that 
of  the  other  vertebrse,  is  very  rare.  In  No.  78  the  true  trans- 
verse process  projects  nearly  horizontally  from  its  root,  its 
extremity  being  on  a  plane  behind  the  foramen.  The  tip  of 
the  costal  process  here  makes  a  small  anterior  projection,  corre- 
sponding to  its  homologue  in  the  lower  vertebrae. 

Spurious  bifidity,  involving  only  the  transverse  process  ele- 
ment, is  exemplified  in  77  and  79,  resembling  the  specimen 
figured  by  Allen.  In  No.  117  the  end  of  the  transverse  process 
is  16  mm.  wide.  In  these  cases  it  is  obvious  that  the  anterior 
inferior  tubercle  has  nothing  costal  in  its  nature. 

H.  Oleno-traTisverse  bony  arch. 

In  Nos.  82  and  83  a  bony  arch,  from  the  posterior  superior 
tubercle  of  the  transverse  process,  stretches  to  the  outer  border 
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of  the  glenoid  cavity,  bridging  the  gap  thr6agh  which  the  anterior 
division  of  the  aub-oooipital  nerve  passes  forwards  between  this 
arch  and  the  costal  process.  This  reproduces  the  oandifeicn 
seen  in  the  nngalate  atlas.  I  have  occasionally  found  a  siender 
fibrous  cord  (the  glejio-tra/iMverse  Uga/ment)  in  this  posilaoii 
where  there  was  no  such  ossification*  as  in  Na  146.  In  Noa. 
61  and  84  only  the  outer  end  of  this  is  ossified.  In  87  the 
glenoid  end  is  bony,  and  this  process  represents  a  variety  of 
the  post-glenoid  process.  The  edge  of  this  gleno^transverse 
bridge,  like  that  of  the  ossified  oblique  ligament,  oocasiooally 
presents  a  groove  for  some  of  the  overlying  veins  of  the  sub- 
occipital i^exus. 

There  is  often  a  rough  cavity  on  the  back  of  the  upper 
and  outer  tubercle,  to  which  the  obliquus  inferior  is  attached, 
and  from  the  tuberous  end  external  to  this  the  obliquus  superior 
arises.  The  margin  of  this  extremity  is  sometimes  proIcHiged 
into  a  spur,  as  in  No.  88w 

CoexiBtence  of  ossification  of  the  gleno-^transverse  ligament 
and  of  the  oblique  ligament  are  not  common.  This  conditiocL 
is  shown  in  No.  88  on  the  right  side.  In  82  the  former  b 
ossified  on  the  right,  and  the  latter  on  the  left  In  94  the  two 
ossified  ligaments  start  from  the  back  of  a  post-glenoid  processy 
from  which  the  oblique  runs  backwards  and  the  gleno-transverse 
forwards.  In  No.  64  the  three  bridges  coexist — oblique,  gleno- 
transverse,  and  posterior  lateral.  In  this  case  the  anterior 
branch  of  the  sub-occipital  nerve  escapes  under  the  first,  the 
posterior  under  the  second  bridge. 

IIL  Assimilation  or  Abnormal  Attachment  of  the  Atlas 

TO  THE  Base  of  the  Skull. 

A.  AUantO'Occipital  fusion. 

Congenital  fusion  of  the  foetal  cartilage  of  the  atlas  to  that 
of  the  occipital  region.  This  has  been  described  by  Solger.^ 
The  specimen  of  this  in  the  Cambridge  Museum  is  one 
which  was  the  subject  of  a  meningocele.  This  condition  is 
excessively  rare,  as  even  in  cases  of  anencephalia  the  bones  and 

^  "Ueber    abnorme  Verschmelzung   knorpeliger  Skelettheile   beim   Fotus,** 
CefUrcUblaUf,  aZlgemei'M  PathologU  u.  pathtAog,  AfkUomM,  1890,  p.  124. 
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cartilages  of  the  occiput  and  atlas  are  UBually  distinct,  even 
though  those  of  the  other  cervical  vertebre  may  be  fused  (as 
in  the  specimen  No.  2013  in  onr  Pathological  Museum). 

B.  The  whole  ring  of  the  atlas  may  become  inseparably  united 
to  the  edge  of  the  foramen  maguum.  An  instance  of  this  form 
is  recorded  by  Schiffner.^  In  this  case  only  half  the  skull  is 
preserved,  and  the  transverse  process  alone  is  free.  The  bony 
union  is  remarkably  perfect,  as  shown  in  the  figures  of  pL  x. 

In  one  Cambridge  specimen  which  is  compcmble  with  this 
{Path.,  1893;  there  is  perfect  fusion  of  the  right  side  of  the 
auterior  arch,  of  the  articular  processes,  of  the  true  transverse 
process,  and  of  the  posterior  arch  with  the  contiguous  part  of  the 
occipital  bone,  so  that  were  this  only  a  half  specimen,  fusion 
would  be  as  complete  as  in  Schiffner's  case ;  indeed,  the  trans* 
verse  process  and  the  paroccipital  are  so  £Eur  blended  into  a 
single  process  that  it  juts  down  from  the  skull  and  apparently 
touched  the  transverse  process  of  the  axis,  for  which  it  has  a 
facet.  The  costal  process  of  the  right  side  alone  is  free  and 
unattached  to  the  transverse.  The  costal  process  on  fche  lefb 
side  is  rudimentary.  There  had  been  a  vertebral  artery  on  the 
left  side,  but  none  on  the  right;  and  there  can  have  been  no 
sub-occipital  nerve  on  this  side. 

C.  The  articular  process  and  posterior  arch,  or  part  of  it,  may 
be  fused  with  the  contiguous  parts  of  the  occiput,  while  the 
central  part  of  the  anterior  arch  is  separated  from  the  basi- 
occipital  by  a  small  interspace.  There  is  an  example  of  this  in 
the  Cambridge  Museum  (No.  125),  from  the  Bomauo-British 
cemetery  at  Hampden  Hill,  Somerset 

In  this  specimen  the  anterior  arch  is  complete,  but  has  an 
immature  appearance,  being  swollen  in  the  centre,  but  slender 
on  each  side  where  it  joins  the  lateral  mass.  The  facet  for  the 
odontoid  process  is  very  small ;  but  that  process  ascended 
behind  the  arch  and  on  each  side  abuts  on  a  projecting  process 
from  the  inner  border  of  the  occipital  condyle,  the  ossified 
lateral  occipito-odontoid  ligaments.  These  processes  present  fiat 
articular  faces  where  they  touched  the  odontoid.  These  surfaces 
are  so  directed  as  to  converge  upwards  and  forwards,  but  they 
do    not    unite.     Posteriorly  each  of    these   occipito-odoutoid 

^  Firehow'a  Archiv,  bcdv.  p.  820,  1878. 
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process  coutinues  backwards  as  a  ridge  which  extends  u 
the  inner  and  posterior  border  of  the  inferior  articnkr 
facet,  in  front  of  the  place  of  exit  of  the  second  cervicil 
nerve.  The  interval  between  the  anterior  arch  and  tk 
basi- occipital  is  a  narrow  transverse  slit..  The  condyles  of 
the  occipital  bone  and  the  superior  articular  processes  are  per- 
fectly united,  and  the  anterior  condylar  foramen  for  the  hypo- 
glossal nerve  appears  between  the  front  border  of  the  atlantie 
border  and  the  edge  of  the  jugular  process. 

The  arterial  canal  on  the  rig^t  side  is  open,  as  the  costal  pro- 
cess ends  in  a  slight  knob,  which  articulates  with  the  parocdpital 
procesa  Between  this  costal  process  and  the  paroccipital  diere 
is  a  canal  for  the  passage  of  the  anterior  branch  of  the  sob- 
occipitcd  nerve.  The  true  transverse  process  articulates  by  its 
extremity  with  the  exoccipital  behind  the  jugular  foramen,  bot 
the  canal  for  the  vertebral  artery  intervenes,  and  passes,  as  usual, 
behind  the  ankylosed  condyle,  opening  by  a  distinct  round  hole 
internally,  like  that  figured  in  Schiffner's  plate.^ 

The  posterior  arch  is  complete,  and  ankylosed  to  the  hinder 
lip  of  the  foramen  magnum.  There  is  a  posterior  condylar 
foramen  on  each  side,  and  a  second  venous  foramen  through  the 
bony  junction  between  the  contiguous  lips. 

On  the  left  there  is  no  interruption  in  the  fusion  of  the 
posterior  arch  and  the  occipital  bone.  The  posterior  element 
of  the  transverse  process  is  on  this  side  ankylosed  with  the 
occipital  behind  the  paroccipital  process,  and  stretches  out  to 
impinge  on  the  paramastoid  of  the  temporal  by  a  convex  sur- 
face. There  is  a  paracondylar  canal^  from  the  posterior  condylar 
foramen  forward.  The  vertebral  artery  on  this  side  must  have 
been  small,  and  must  have  ended  here,  as  there  is  no  con- 
tinuation of  the  canal  between  the  atlantic  lamina  and  the 
occipital  bone,  and  no  perforation.  The  left  sub-occipital  nerve, 
if  present,  must  have  come  out  with  the  2nd  cervical,  unless  it 
escaped  through  the  posterior  condylar  foramen.  The  costal 
process  is  slender,  and  its  extremity  is  joined  to  the  transverse 
process  by  a  very  fine  bony  spicule. 

^  *'  Ueber  die  Architeotiir  dea  Schadelgrnnds  in  der  Norm,  nnd  bei  AasimiU- 
tion  des  Atlas,"  Virehaio'a  Arehiv,  Ixxi^.,  1878,  pi.  z.  fig.  2. 
'  Oriinbaum,  Jour,  of  AnaJt^t  voL  zz.,  1892. 
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The  skull  belonged  to  a  young  male  adult,  about  20.  The 
c>sksilar  suture  is  unclosed,  but  the  wisdom-teeth  are  newly  cut, 
likTicL  the  molars  are  very  slightly  worn. 

In  many  respects  this  resembles  one  of  the  three  instances 
recorded  by  Boxhaminer,^  iu  which  condylar  fusion  had  occurred 
in    the  skull  of  an  adolescent  aged  17.    There  was  a  round 
atlanto-occipital  opening  above  the  anterior  arch  in  this  case, 
stod  the  left  transverse  process  was  free,  while  the  right  was 
Aiikylosed  to  the  skull.    In  a  similar  case,  described  by  Luschka,^ 
the  upper  edge  of  the  anterior  arch  was  also  adherent,  but  the 
posterior  arch  was  only  present  for  its  left  half,  which  was  fused 
1>o  the  occipital  bone,  while  the  righb  half  was  quite  undeveloped 
behind  the  level  of  the  sinus  atlantis.    In  this  case  the  arti- 
cular fusion  was  not  complete  on  the  left  side. 

A  corresponding  want  of  development  was  present  in  the 
case  described  by  Summer.^  In  this  instance  the  atlas  was 
rudimental;  the  posterior  arch  only  represented  by  its  roots 
behind  the  articular  mass. 

In  one  of  the  specimens  from  the  Berlin  Museum,  figured  by 
Grawitz,^  the  posterior  arch  is  fused  as  in  the  Cambridge 
instance,  but  the  transverse  process  seems  firee  (No.  10,605).  In 
another  example,  from  a  young  child,  the  posterior  arch  is 
completed  by  a  fibrous  cord.  In  another,  as  in  Luscbka's  case, 
the  posterior  arch  was  ununited  behind,  but  the  two  laminaB 
were  both  developed.  In  a  fourth  example  the  posterior  arch 
is  adherent,  but  the  anterior  arch  is  medially  interrupted. 

The  specimen  described  by  Langerhans,^  from  a  boy  five  years 
of  age,  was  interesting,  as  one  of  very  early  union.  The  posterior 
arch  had  ankylosed  to  the  edges  of  the  foramen  magnum  on  the 
left  side,  while  yet  the  synchondrosis  between  the  anterior  arch 
and  the  lateral  portion  was  unossified. 
D.  The  articular  processes  may  be  ankylosed  to  the  occipital 

*  "Die  angebornen  Synostosen  den  Enden  der  beweglichen   Wirbelsaule," 
ZeUichnftfiir  rcUionelle  Medicin,  iiL  Reihe,  Bd.  15,  p.  1. 

*  ATuUomie,  i.  86. 

*  "Zur  casuiBtik  der  Atlaa.  synostoseii,"  Virchaw'a  Arehiv,  xciv.  p  1. 

^  "  Beitrag  znr  Jjehre  yon  der  basilaren  Impression  des  Schadels,"  Firchow^s 
Ar^iVf  Izzz.  p.  468. 
»  Vir€how*8  Arehiv,  cxxL,  1890,  p.  873. 
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condyles  while  the  arches  and  transverse  processes  are  firee. 
This,  the  commonest  condition,  is  an  acquired  padioiogio! 
condition  due  to  osteitic  or  arthritic  inflanunatioQ.  An  example 
occurs  in  our  Museum,  in  which  there  is  also  atlanto-axkl 
ankylosis  (PatJL^  1894),  and  a  rudimentary  left  costal  process  Is 
another  specimen  (No.  126),  the  skull  of  an  ancient  Peni?iaa 
from  Cerro  del  Oro,  this  ankylosis  is  completa  There  is 
a  wide  atlanto-occipital  gap  anteriorly,  and  the  four  eoDdyltf 
foramina  are  normal.  The  oblique  and  check  ligaments  wen 
unossified,  and  the  paroccipital  processes  are  small.  There  are 
a  few  bony  spicules  around  the  ankylosed  surfaces^  but  fev 
other  traces  of  disease.  The  upper  edge  of  the  posterior  arch  is 
thick  and  upturned,  extending  towards  the  wide  foramen  mag- 
num.  The  whole  atlas  appears  to  have  slipped  a  little  forward, 
so  that  the  anterior  arch  appears  in  norma  basilaris  to  lie  on  i 
plane  in  front  of  the  anterior  lip  of  the  foramen,  and  the  plane 
of  the  foramen  magnum  extends  behind  the  prominent  posterior 
tubercle  of  the  atlas.  This  skull  was  that  of  a  middle-aged 
man. 

Cases  of  this  kind  are  finr  from  rare.  Lombroso  records  findxDg 
such  ankyloses  in  0*84  per  oent  of  the  skulls  in  the  Beinhaus  at  the 
battlefield  of  Solferiao,  and  Legge  found  5  cases  out  of  780  in  s 
graveyard  at  the  city  of  Camerino.<^  Lombroso  also  records  finding 
this  condition  in  4  out  of  51  criminal  skulls,  while  De  Paoli  found  it 
in  2  out  of  4  criminala  In  our  Cambridge  coUectioa  the  percentage 
is  014. 

Other  cases  of  ankylosis  are  recorded  by  Casprzig;^  Seiger;^ 
Sommer  ^  gives  three  cases,  including  the  one  described  by  Caspnig, 
in  the  Museum  of  the  AUenberg  Asylum.  There  are  also  older  cfiseg^ 
one  described  by  Gurlt,  referred  to  by  Bealde  Columbus,^  and  anodMr 
described  by  Morgagni.* 

This,  the  first  case  recorded  in  detail,  was  noticed  in  the  autopsj 
of  a  stiff-necked  Paduan. 

Ankylosis  is  also  described  by  Schwegel  (ZeiUchri/t  fur  ratumdU 
Medecin,  xi.  p.  290) ;  Solberg  (All^meine  Zeitschr.  fur  Psydiiatrie, 
1867,  xxiv.  p.  1) ;  Bogstra  and  Boogaard  (De  Schedd  met  ingedrvkk 
Basis^  Akad.  Proefschnft^  Leiden,  1864,  and  NederlatuUeh  Tijdachri/i 
voor  Oeneeshunde^  Amst.,  1865,  2^®  Beeks,  1.  91).     See  also  Yiichow,   . 

1  Archivio  di  Pgiehialria,  1883,  iv.  p.  884. 

'  Inaugural  Dissertation,  Oreifswald,  1874. 

*  Inaugural  Dissertation,  Halle,  1888. 

^  Vtrehoto's  Archiv,  Ixzxiz.  p.  428,  and  ibid.,  119,  p.  S62. 

'  Dere  Anaiomica,  i.  16. 

'  De  hedibus  ca  Morborum  Epist  79. 
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**  Btiirdgeii  tur  pkp»i$eh€n  Anthropology  der  DewUchm  "  Berlin  Ahad.^ 
1876,  p.  340. 

E.  Another  method  whereby  fixity  of  the  atlae  to  the  skull 
may  be  produced  is  by  the  attachment  of  the  transverse  process 
to  the  jugular  process  of  the  occipital  bone.  This  may  take  place 
in  one  of  three  ways : — 

1.  By  the  meeting  of  a  down-growing  paroccipital  process  of 
the  skull,  with  an  up-growing  spur  from  the  atlas :  a  case  of  this 
kind  is  described  by  Allen  (Journal  of  ATuUomy,  vol  xiv.).  In 
this  instance  the  processes  had  ankylosed  at  their  place  of 
meeting.  In  my  specimen  No.  74  the  two  portions  are 
separate. 

2.  The  processus  paroccipitalis  may  be  a  down-growing 
column  from  the  occiput,  starting  close  to  the  outer  edge  of  the 
exoccipital  next  to  the  occipito-mastoid  suture,  and  touching 
the  upper  surface  of  the  transverse  process  of  the  atlas,  which 
is  not  raised  to  meet  it,  either  articulating  with  it  by  a  flat 
surface  or  ankylosed  to  it. 

In  the  skull  of  an  Egyptian  (No.  127),  this  paroocipital  process  is 
a  thick  styliform  column,  20  mm.  long  by  11  mm.  thick,  which  ends 
in  a  flat  facet  that  articulates  with  a  similar  facet  on  the  transverse 
process  of  the  atlas. 

A  similar  process,  24  x  13  mm.  in  length,  is  shown  in  another  speci- 
men (occip.  No.  16),  iVom  an  English  skull,  and  there  are  several  par- 
occipital  processes  of  lesser  size  in  our  Museum. 

Examples  of  this  mode  of  union  are  figured  by  Sandifort  (Afua. 
Anatf  II.  xiv.  31,  and  Exereitationes  Academimy  i.  p.  10) ;  Meckel 
("{fo  DuplicitaU  MonBtroBOy"  Archiv  /.  PhysioL  i.  p.  644,  pi. 
vi.  fig.  37 ;  also  Anat  u  Physiol,  Beobachiungen  und  Untertuchungen, 
p.  178);  Tesmer  {Eudolphi,  Obs.  Osteolog,,  Berlin,  1812);  Knape 
(Schiqftey  de  luxatione  spontanea  aUantis  et  epistrophei,  Beroh,  1816. 

3.  The  up-growth  of  a  styliform  process  in  the  form  of  a  pillar- 
like elongation  form  the  posterior  superior  angle  of  the  trans- 
verse process  of  the  atlas,  to  articulate  or  to  ankylose  with  a 
normal  paroccipital  process,  is  a  third  method  of  union. 

Examples  of  this  are  shown  in  specimens  Nos.  73  and  74  in  our 
Museum,  and  cases  are  recorded  by  Leveling  (Observ,  Anat.  rar,,  p. 
134,  pi.  V.  fig.  1),  by  Sandifort  {loc  cit,  fig.  3),  and  by  Allen  (loc.  cit., 
p.  5,  pi.  ii.  fig.  2). 

These  cases  are  due  to  ossification  in  the  ligamentous 
apparatus  between  the  transverse  process  and  the  jugular  pro- 
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cess,  and  are  extensions  outwards  of  the  ossification  wfakji 
forms  the  gleno-transverse  bridge,  with  which  they  maj  be 
continuous.  In  No.  60  the  pillar  from  the  transverse  process 
turns  inwards  towards,  but  does  not  quite  touch  the  outer  edge 
of  the  glenoid  cavity. 

Atlanto-axlal  ankylosis  and  ossifications  in  the  transverse  ligament 
shown  in  several  specimens  in  our  Museum,  such  as  1896  (PVxM.X  9it 
always  the  results  of  disease. 


ON  THE  MAMMALIAN  PELVIS,  WITH  ESPECIAL 
KEFERENCE  TO  THE  YOUNG  OF  ORNITHO- 
BHYNGHUa  ANATINUa.  By  G.  B.  Howes,  F.LS., 
F.Z.S.,  Assistant  Professor  of  Zoology,  Royal  College  of 
SdeTice,  South  Kensingtoru^    (Plate  XXVIII.) 

The  facts  contained  in  this  communication  have  come  to  hand 
during  a  recent  inquiry  into  the  general  morphology  of  the 
mammalian  pelvis,  necessitated  by  other  work  on  hand ;  and  it 
is  a  little  remarkable  that  those  among  them  which  involve  the 
adult  anatomy  of  the  Monotremes  and  lusectivora  should  not 
have  been  hitherto  recorded.  Such,  however,  is  apparently  the 
case,  as  I  find  no  mention  of  them  either  in  the  classical  treatises 
of  Pander  and  D'Alton,^  Meckel,*  Owen,*  de  Blainville,*  Gervais,"* 
and  others,  or  in  the  most  recent  ones  of  Coues,^  Mivart,®  Dobson,* 
Leche,^^  and  Brtihl  ;^^  to  say  nothing  of  less  special  ones,  of  text- 
books, and  other  encyclopedia  articles. 

L  The  Sacrum. 

The  sacrum  of  Ornithorhynchus  is  everywhere  stated  to  consist 
of  two  vertebrae ;  but,  so  far  as  I  am  aware,  the  simple  fact  that 
there  is  about  it  a  character  of  an  order  altogether  unique  among 
mammals  has  escaped  notice.    I  refer  to  the  presence  of  a  wide 

1  Read  before  the  Anatomical  Society  of  Great  Britain  and  Ireland,  May  28, 
1898. 
s  '*  Vergleichd.  Osteologie,"  Die  SkeleU  d,  Zahnlosen  Tkiere,  Bonn,  1825. 

*  Seiirdge  z,  vergl,  Anat,,  Bd.  1.  Hf.  ii.  p.  64,  1809  ;  and  Omithorhifnehi 
paradoxi  deseripUo  amUomica^  Lipeis,  1826. 

*  Art  **  Monotremata,"  TodcTs  Cyclopedia  of  Anai,  and  Phys,,  vol.  ilL  p.  866, 
1889-1847. 

>  OtUographie  d.  JUammiflres,  PariB,  1889-64. 

*  OsUographie  d,  Monotremen  vivarUa  etfomUs,  Paris,  1877-78. 
'  Proc.  Essex  InstittUe,  vol.  vi.  p.  127,  1871. 

^  Papers  on  the  Osteology  of  the  Insectiyora,  This  Journal,  toL  L  p.  281; 
ToL  ii.  p.  117;  and  P.  Z.  S,,  1871,  p.  68. 

'  A  Monograph  of  the  Jneedivora,  London,  1888. 

^'  "Znr  Anat  der  Beokenregion  bei  Insectiyora,"  Kgl,  Swnaka  Fet.-Akad, 
Sandl,  (Stockholm),  Bd.  xx.  No.  4,  pp.  1-106. 

"  ZooUmie  oiler  Thierklaaeen,  Bd.  i.  LL  1-10,  Wien,  1877. 
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passage,  bounded  above  and  below  by  the  outstanding  processes 
of  the  first  sacral  vertebra,  and  externally  by  the  ilium,  whidi 
(fig.  1,  ar,)  I  propose  to  term  the  sacral  arcade.  On  exami- 
nation of  the  adult  pelvis,  the  constituent  parts  of  the  sacrum 
being  fully  co-ossified  and  the  heads  of  the  expanded  ilia  well- 
nigh  immovably  ankylosed  with  them,  the  conditions  forcibly 
recall  those  familiar  in  the  neck  of  the  Echidna  and  those 
Sauropsida  in  which  the  vestigial  cervical  ribs  remain  distinct 
and  bound  the  vertebrarterial  canal  ventro-extemally ;  and  they 
suggest  that  of  the  two  outstanding  processes  the  upper  <»ie 
might  alone  represent  the  tmnsverse  process,  and  the  lower  the 
sacral  rib,  as  ordinarily  understood.  One  outcome  of  this  com- 
parison, if  substantiated,  would  necessarily  be  the  association  of 
the  sacral  arcade  of  Ornithorhynchus  with  the  vertebrarterial 
canal  and  the  interspace  between  the  head  of  the  thoracic  rib 
and  its  related  vertebrae — a  welcome  addition  to  the  series  of 
structural  resemblances  between  the  cervical  and  sacral  vertebrae 
first  clearly  appreciated  by  Gegenbaur  and  Frenkel.^ 

With  the  foregoing  thoughts  in  my  mind,  I  eagerly  availed 
myself  of  the  kindness  of  my  friends  Professors  W.  N.  Parker 
and  Charles  Stewart,  to  whom  I  stand  indebted  for  the  loan  of 
young  Duck-Bills.  Professor  Parker's  specimen  (of  approximately 
220  mm.  total  length)  is  that  fi:om  the  head  of  which  calcified 
teeth  were  first  described,^  and  Professor  Stewart's  (a  male  of 
316  mm.)  is  that  in  which  he  discovered^  the  third  tooth  of 
the  mandibular  series,  and  which  has  yielded  him  the  exquisite 
preparations  which  adorn  the  shelves  of  the  Royal  College  of 
Surgeons  Museum.  To  these  gentlemen  I  tender  my  sincere 
thanks. 

The  sacrum  of  the  younger  specimen  showed  no  trace  of 
distinct  ossification  to  form  a  pleurosteal  or  rib-like  element ; 
the  corresponding  area  (*  of  fig.  3)  was  of  small  extent,  and 
entirely  cartilaginous.  On  turning  to  the  older  specimen,  I 
failed  to  find  definite  traces  of  the  desired  rib,  as  the 
component  parts  were  fully  formed  and  co-ossified  (fig.  2).    A 

^  Cf.  Frenkelf  Jejuiiache  Zeitachr. ,  Bd.  vii.  p.  891. 

^  PoultoD,  Qu.  Jour,  Micr,  ScL,  vol.  xzix.  (n.s.)  p.  9.  I  have  already  been 
accorded  the  privilege  of  describing  its  shoulder-girdle  and  sternum  (Tliis 
Journal,  vol.  xxi.  p.  196). 

*  Qu,  Jow,  Micr.  Sci.,  vol.  zxxiii.  (n.s.)  p.  229. 
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possible  indication  of  the  existence  of  a  sacral  rib  was,  however, 
forthcoming  on  the  under  surface  of  the  first  sacral  vertebra,  in 
the  form  of  an  apparent  demarcatiou-line  extending  through 
half  its  length,  postero-anteriorly,  suggesting  that  the  sacral  rib 
(which,  if  present,  must  have  had  a  comparatively  short  duration 
as  an  independent  element)  lay  caudad  of  the  transverse  process, 
iustead  of  in  superposition  beneath  it  Such  a  condition  is 
approximately  represented  in  Man  himself,^  and  I  find  it  so 
marked  in  a  young  Peba  Armadillo  (Taiuaia  novemcincta, 
fig.  11),  that  the  transverse  process  (trA.)  and  rib  (r.«.i.),  when 
viewed  in  situ  from  beneathi  are  seen  to  lie  in  almost  the 
same  horizontal  plane,  and  to  occupy  wellnigh  corresponding 
areas.  On  comparison  of  other  mammals,  I  am  convinced  that 
this  will  be  found  to  be  a  by  no  means  uncommon  disposition 
throughout  the  class. 

Further  examination  of  the  younger  specimen  showed  that 
the  neurosteal  centres  (fig.  3,  a.n.)  had  already  encroached  upon 
the  supposed  pleurosteal  or  rib-forming  areas,  and  that  they 
had  already  enclosed  the  sacral  arcades  below.  With  this,  the 
conception  of  structural  repetition  between  the  sacral  and 
cervico- thoracic  segments  appeared  to  break  down ;  but  the 
fact  that  in  some  mammals  the  cervical  transverse  process 
completely  encloses  the  vertebrarterial  canal,  as  has  been  so 
definitely  proved  by  Albrecht  for  the  Hippopotamus,^  shows 
that  up  to  this  point  the  sacral  and  cervical  vertebrae  may  be 
modified  in  common. 

Proceeding  now  to  the  more  detailed  consideration  of  the 
Ornithorhynchus'  sacrum,  it  will  be  observed  that  that  portion 
of  the  transverse  process  of  its  first  vertebra  which  immediately 
bounds  the  sacral  arcade  below  (fig.  3)  is  the  serial  homologue 
of  the  sacral  transverse  process  as  ordinarily  described  in  the  young 
.  mammal  before  ankylosis,  and  that  the  special  conditions  met 

^  Of.  Frenke],  loe.  eit,,  pi.  zxi  fig.  2. 

s  Bull  Mus.  Hoy.  BisL  Nat.,Belg.,  T.  i.  p.  2, 1882.  Sir  W.  Turner  has  directed 
my  attention  to  his  having  described  (This  Journal,  vol.  zvii.  p.  255,  xyiii. 
p.  223)  a  first  thoracic  vertebra  (homo)  with  a  perforated  pedicle.  His  con- 
clusion, that  the  perforation  "cannot  be  regarded  as  homologous  with  the 
vertebrarterial  foramen  in  a  cervical  vertebra,"  is  perfectly  sound  so  far  as  Man 
is  concerned  ;  but  comparison  may,  nevertheless,  be  instituted  between  the 
thoracic  vertebra  in  question  and  a  cervical  one  of  the  type  figured  by  Albrecht. 
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with  in  this  animal  are  dae  to  an  overgrowth  of  the  region 
adjacent  to  the  pre-zygapophysis  (zy.,  figs.  1-2),  i.e.  to  the  com- 
plete development  of  a  sacral  metapophysis.^    It  is  thus  clear 
that  the  sacral  arcade  can  have  nothing  to  do  with  the  verte- 
brarterial   canal ;    and    that    notwithstanding  my    failure    to 
definitely  detect  the  presence  of  a  sacral  rib  in  Ornithorhynchus, 
the  (first)  sacral  vertebra  of  that  animal   brings  that  of  the 
more  familiar  mammals,  in  which  the  metapophysis  is  at  best 
but  feebly  developed,  into  a  closer  structural  relationship  with 
the  lumber  vertebra  in  its  most  highly  differentiated  form.     It 
therein  lends  welcome  testimony  to  the  belief  in  the  structural 
uniformity  of  the  segments  of  the  mammalian  vertebral  columin; 
and  it  remains  now  to  determine  the  rationale  of  its  structural 
peculiarity,  and  to  inquire  whether  the  Monotreme  stands  alone 
in  having  realised  that. 

Comparison  of  figs.  3,  2,  and  1,  which,  in  the  order  enumer- 
ated, represent  stages  in  the  growth  of  the  Ornithorhynchus* 
sacrum,  shows  that  the  full  extension  of  the  sacral  metapophysis 
(mp,)  is  acquired  late.  The  connection  between  it  and  the 
crista  ilii  is  first  established  after  the  full  differentiation  of  the 
ordiaary  iliac  articulation :  with  advancing  age  it  increases,  at 
first  in  a  degree  proportionate  to  the  growth  and  lateral 
extension  of  the  head  of  the  ilium  (W),  until  in  old  indi- 
viduals (ex.  fig.  1)  its  area  of  attachment  falls  little  short  of 

^  The  elongation,  and  in  many  instances  the  first  indication,  of  the  mammalian 
metapophysis  is  unmistakably  to  be  associated  with  the  redaction  of  the  tnberde 
of  the  rib.  It  arises  by  a  partial  subdivision  of  the  transverse  process,  which 
becomes  completed  in  a  degree  proportionate  to  the  greater  reduction  of  the 
structure  named  ;  it  is  thus  an  ascending  product  of  division  of  the  transverse 
process,  and  it  is  either  absent  or  rudimentary  except  where  the  rib  is  either 
partially  or  wholly  suppressed.  The  application  to  it  of  the  term  "  metapophysis,** 
with  the  accompanying  restriction  of  the  term  ''transverse  process"  to  the 
corresponding  descending  product  of  the  division,  is  misleading,  as  it  conveys  the 
impression  that  the  two  outgrowths  are,  sui  geneHSf  distinct.  As  a  teacher,  I 
have  long  felt  the  difficulty  arising  out  of  this  confusion,  and  I  would  propose  to 
restrict  the  term  *'  transverse  process  "  to  the  undivided  form  of  that  structure. 
In  its  divided  condition  it  might  be  termed  a  bitranawrae  process,  its  metapo- 
physis the  procMstis  opcendenSf  and  its  lower  cornu  (the  so-c&Iled  transverse 
process  of  current  terminology)  the  processus  descendens  (for,  although  this  does 
not  always  descend  obliquely  among  the  muscles,  its  point  of  origin  from  the 
arch  does  so  in  proportion  as  the  tail  is  reached).  The  anapophysis,  on  aoooont 
of  its  great  variability  and  frequent  absence,  might  be  termed  the  processus 
aecessorius. 
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that  of  the  articulation  named.  On  laying  bare  the  sacral 
arcade  from  the  side,  this  is  seen  to  stand  in  definite  relation- 
ship to  the  flexor  candsB  muscle.  The  most  recent  description 
of  the  latter  is  that  of  Qoues,  who  defines  its  head  ^  as  ''  the 
uninterrupted  prolongation  of  the  longissimus  .  .  .  filling  the 
deep  groove  between  the  ilium  and  vertebral  spines/'  and  I 
know  of  no  one  more  detailed. 

If,  however,  the  ilium  be  removed,  care  being  taken  to  leave 
the  main  mass  of  the  muscle  in  question  which  arises  from  that 
bone  (fig.  4,  l,cd!\\  in  sitUy  it  will  be  seen  that  the  sacral 
arcade  lodges  a  couple  of  slips  which  contribute  to  its  forma- 
tion, viz.,  an  outer  one  which  passes  through  the  arcade  and 
blends  with  the  periosteum  cephalad  of  it,  and  a  smaller  inner 
one,  which  arises  within  its  area  (Lcd!".\  Whether  this  definite 
interruption  in  the  series  of  the  dorsal  episkeletal  muscles  is 
anything  but  an  effect  of  the  osteological  peculiarity  under  con- 
sideration, further  inquiry  in  comparative  morphology  must 
show ;  judged,  however,  from  the  standpoint  furnished  by  the 
facts  before  us,  the  latter  would  appear  to  be  a  cenogenetic 
character,  such  as  might  well  be  independently  acquired  in 
distinct  orders  of  mammals,  if  in  no  other  higher  amniota. 

In  the  pursuit  of  this  line  of  the  inquiry,  one  naturally 
turns  first  to  the  Echidna.  The  sacrum  of  that  animal  is  usually 
said  to  consist  of  three  vertebrae,  all  of  which  enter  into  the  iliac 
articulation,  but  Briihl  has  figured  and  described  ^  an  example 
possessed  of  four  such  elements. 

^  Loc»  cit,,  p.  184. 

*  Log,  dL,  pL  xviL  figs.  14,  16,  and  19,  and  accompanying  description.  He 
regards  the  supernumerary  vertebra  as  a  derivative  of  the  caudal  series,  appar- 
ently for  the  sole  reason  that  11  free  caudals  are  present  instead  of  12,  as  is 
inost  usual.     Owen  accorded  the  genus  IS  caudal  vertebre  {loe,  cU,,  p.  875). 

I  append  the  vertebral  formulse  of  two  exceptional  specimens  (j9,  7)  which  have 
come  under  my  notice,  each  possessed  of  a  sacrum  of  four  vertebre. 

Cv.  Th.  Lb.  Sc.  Cd. 

a.  Ordinary,        .        .        7  Id  3  8  12 

/3.  Exceptional,  .        .        7  16  2  4  11 

7.           „           .        .        7  16  8  4  11 

It  will  be  obeerved  that  in  both  oases  the  number  of  pre-candal  vertebne  is  that 
of  the  less  aberrant  individual  (7),  viz.,  29,  and  that  notwithstanding  that  but 

II  oaudals  are  present.  That  the  extra  sacral  vertebra  is  in  each  case  beyond 
doubt  derivative  of  the  lumbar  series  is  proved,  by  the  fact  that  its  metapophyses 
are  remote  from  the  ilia  and  erect ;  and  it  is  instmotive  to  note  that  in  one 
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The  first  sacral  vertebra  of  Echidna  is  somewhat  exceptdonal 
among  that  of  the  Mammalia  generally  for  the  great  depth  of 
its  transverse  process  and  the  direct  apposition  of  its  meta- 
pophysial   border  with  the  crista  ilii;  indeed,  the   relation- 
ships which  the  vertebra  bears  to  the  hip-girdle  are  such  as 
would  result   in  Omithorhynchus  from  the  ooclusiou   of  ihe 
sacral  arcade.      The    metapophyses    of    the    two    saccec^ding 
vertebrae  (which  in  Omithorhynchus  ajre  remote  from  the  Hm, 
and  in  no  way  specially  modified)  are  markedly  expanded  antero- 
posteriorly,  and  so  modified  that  they,  one  or  both,  abut  agaiost 
the  dorso-internal  iliac  border,  inclosing  a  shallow  depreesioii 
within  which  the  levator  caudsB  muscle  in  part  arises ;  and  this 
peculiarity  appears  to  become  more  marked  with  age,  as  is 
definitely  the  case  with  that  whic&  I  have  described  for  the 
first  sacral   of  Omithorhynchus.      These    characters  may  be 
associated    with    the    backwardly    rotated    condition    of    the 
hip-girdle    in    this    animal,    but    they    are    such    as    would 
result    from    a    backward    extension    of   the   peculiarities  <^ 
the  first  sacral  vertebra   of    Omithorhynchus,    with    accom- 
panying occlusion  of  the  sacral  arcade  in  £ront     On   these 
grounds,  it  seems  to  me  by  no  means  unlikely  that  in  Omi- 

m 

example  (7)  a  corresponding  namerical  redaction  of  the  tfaoracics  has  'beat. 
effected.  These  facts  point  very  strongly  to  the  conolasion  that  the  caudal  rerte- 
brse  of  Echidna  are,  like  those  of  most  average  tailed  mammals,  Tariable  in 
number  in  different  indiyiduals.  In  consideration  of  this,  and  on  comparison  of 
Bnihrs  drawings  with  the  specimens  formulated  above,  there  seems  to  me 
little  doubt  that  his  extra  sacral  vertebra  is  in  reality  a  modified  lumbar  one. 

The  advisability  of  distinguishing  between  vertebrse  which  ordinarily  oonstitate 
a  given  region  of  the  vertebral  column,  and  others  which,  while  they  do  not  be- 
long to  it  morphologically,  are  occasionally  and  secondarily  drawn  into  it,  appears 
to  me  highly  desirable  ;  and  it  cannot  be  better  done  than  by  a  combination  of 
terras,  such  as  Mivart  has  employed  in  deciphering  the  complexities  of  the  avian 
backbone  {Trans.  Zool.  Soc.^  vol.  x.  pp.  1-52).  Assuming  that  Briihrs  observation 
is  correct,  the  differences  between  his  specimen  and  my  own  (7)  might,  for 
example,  be  expressed  as  follows  : — 

Briihl,        .        .  Sc.  8.        Sc.  Cd.  1.         Cd.  H  J      ,5 

Howes,       .        .      Lb.  Sc.  1.        Sc.  3.  Cd.  11 )  " 

On  examination  of  the  skeleton  of  Proeehidna  Bruijnii  in  the  Natural  Histoij 
Museum,  I  find  the  vertebral  formula  to  be  Cv.  7,  Th.  16,  Lb.  4,  Sc  4, 
Thomas  gives  Th.  17,  Lb.  4,  Sc.  8  {Brii.  Mua,  Cai,,  "Marsupialia  and  Mono* 
tremata,"  p.  888).  The  numerical  increase  of  the  thoraco*lumbar  vertebre  in  this 
animal  is  of  interest,  as  it  nullifies  the  familiar  statement  that  '*  the  monotremata 
agree  with  the  marsupialia  in  the  total  number  of  trunk  vertebne,"  and  funish«s 
a  powerful  argument  for  the  retention  of  the  genus  (^.  Thomas,  op,  cU,), 
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thorh;nchns  we  may  be   dealing   with  a  coudition   of    the 

sacrum  through  which  the  Echidnidse  have  passed.    I  have  been 

unable  to  find  traces  of  the  omithorhynchoid  type  of  sacrum  in 

any  imursupial,  but  my  search  among  the  Placentalia  has  been 

rewarded  with  the  following  success: — In  Hippopotamus  and 

the  New  Zealand  Fur  Seal  {Aivtocephalue  cvner&us)  there  is 

a  kindred  overgrowth  of  the  pre-zygapophysis  of  the  first  sacral 

vertebra,  but  no  complete  arcade  formation.     In  the  Pichey 

( Dasypvs  minutua)  and  the  Tanrec  (Centetes  ecaudcUua)  a 

complete  arcade  may  exist.    In  the  skeleton  of  the  latter  in  my 

own  teaching  collection  (^)  (fig.  8)  a  sacral  metapophysis  almost 

as  massive  as  that  of  all  but  old  individuals  of  Oruithorhyn- 

chus  is  present;    and  the   chief  difference  between  the  two 

animals  lies  in  the  greater  growth  forwards  of  this  process  in 

the  placental  form,  whereby  it  has  come  to  lie  in  front  of  the 

processus  descendeus  instead  of  immediately  above  it 

Comparison  of  my  own  specimen  of  Dasypue  minutua  with 
that  in  the  Natural  History  Museum  has  shown  that  the  sacral 
metapophysis  is  in  this  creature  less  symmetrical  than  that  of  the 
animals  afore  dealt  with.  The  conditions  suggest  that  it  may 
be  here  a  product  of  ossification  of  the  ilio-sacral  ligament,  which 
is  certainly  not  the  case  in  Omithorhynchus  at  least  (c/.  fig.  3) ; 
and  they  consequently  raise  the  question  if  the  overgrowth  to 
enclose  the  sacral  arcade  is  in  all  cases  homologous. 

In  working  out  from  this  standpoint,  I  have  succeeded 
in  detecting  an  arcade  in  two  other  placentalia,  viz.,  the 
Hedgehog  and  Piping  Hare  {Lagomys  microtia).  In  the 
former  it  may  be  either  completely  enclosed  in  bone  on  both 
sides,  or  ligamentous  on  one  only,  as  in  fig.  9.  In  the  specimen 
of  the  latter  in  my  possession,  I  find  it  (fig.  10)  to  be  still  more 
remarkably  asymmetrical ;  for  while  on  the  left  side  it  is  roofed 
in  by  mutual  apposition  of  the  sacral  metapophysis,  with 
the  iliac  epiphysis  (tT.),  on  the  right  it  involves  the  latter  and 
the  post-zygapophysis  of  the  last  lumbar  vertebra. 

Od  examining  the  Centetes  skeletons  in  the  Natural  History 
Museum,  I  find  that  a  sacral  arcade  is  present  in  but  two  of  the 

^  In  this  specimen,  bnt  two  of  the  three  sacral  vertebne  furnish  the  iliac  articula- 
tion, in  contradistinction  to  Leche's,  in  which  all  three  do  so  {qf,  Leche,  loe,  cU., 
p.  12). 
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four  ^hich  my  friend  Mr  Oldfield  Thomas  has  kindly  placed  al 
my  disposal.  Its  absence  is  due,  in  one  case,  to  the  aacFal 
metapophysis  having  outrun  the  head  of  the  ilium  in  its  growth 
forwards,  and  in  the  other  (a  young  individual)  to  a  non-elonga- 
tion of  the  metapophysis,  which,  at  the  same  time,  seems  to 
indicate  that  the  outward  extension  of  that  in  this  animal,  as  iu 
Omithorhynchus  {ante,  p.  646),  is  acquired  late. 

The  foregoing  facts  testify  to  the  independent  develop- 
ment of  a  sacral  arcade  in  four  great  orders  of  Mammalia,  and 
to  a  tendency  towards  its  formation  among  remotely  related 
members  of  the  class.  Although  its  boundaiy-walls  are  not 
strictly  homologous  in  all  cases,  its  existence  furnishes  us  with 
a  distinct  type  of  sacrum,  for  the  adequate  expression  of  which 
a  term  may  be  conveniently  employed.  I  would  suggest  that 
of  8iupersacrv/m^  the  presence  of  a  sacral  arcade  being  its  chief 
character,  as  distinguished  from  the  simple  doorttm,  in  which 
that  passage  is  undeveloped. 

In  Omithorhynchus  at  least,  the  structural  change  under- 
gone in  the  formation  of  the  supersacrum  is  most  nearly  com- 
parable to  that  hitherto  recognised  only  in  birds^  and  certain 
Dinosauria.' 

II.  The  Pelvic  Qirdle. 

The  older  conception  of  the  mammalian  pelvis  has  been  much 
modified  in  recent  years  by  the  study  of  the  cotyloid  bone,  or 
OS  acetabuli.  Leche  has,  in  particular,  paid  special  attention 
to  this  structure,  and  recorded'  its  more  remarkable  variations. 
Conspicuous  among  its  leading  types  is  that  met  with  in  the 
common  rabbit,^  in  which  animal  it  forms  a  squarish  bone, 
arising  outside  the  acetabular  border,  and  completely  shut- 
ting out  the  pubis  from  any  share  in  the  articular  cavity. 
During  ankylosis  it  in  this  animal  first  unites  with  the  pubic 
element 

*  Sacrum  proper.     Qf,  T.  J.  Parker,  Phil.  Trans.,  1891,  B.,  pp.  76  el  $eq, 
'  Geratoaaunu,   TriceratopB,   and   some    other   Theropoda.     Marsh,   Amer. 

Jour.  Scu,  Tol.  zli.  p.  173,  1891. 

*Loe.  cit,  pp.  25-87,  and  Bronn's  Klass.  nnd  Ordnnng.  d.  Thier-Eeichs, 
Bd.  6,  Abth.  y.,  pp.  576--9. 

*  qf.  W.  N.  Parker,  Proe.  Zool  Soe.,  1882,  p.  777,  and  fig. 
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Wiedersheim  has  recently  shown^  that  the  pubis  of  Omitho- 
rhynchtts  ossifies  from  two  centres,  which  are  at  first  coequal  in 
extent,  and  disposed  in. a  dorso- ventral  parallelism  throughout 
the  antero-pubic  region.  It  will  be  conyenieut  to  speak  of  them 
as  ventro-  and  dorso-pubic  centres  (pb\  and  jjft".  of  fig.  5),  in 
accordance  with  their  relative  positioua 

The  existence  of  a  cotyloid  bone  in  Monolremata  has  been 
doubted.* 

In  the  younger  of  my  two  Duck-Bills  the  pubic  centres  were 
in  the  act  of  blending  along  the  inner  face  of  the  antero-pubic 
tract,  throughout  which  they  had  extended.  The  most  interest- 
ing feature  about  them,  however,  is  that,  as  compared  with  the 
younger  specimen  examined  by  Wiedersheim,  they  showed 
an  inequality  of  growth ;  for,  while  the  ventro-pubic  one  {p.h' 
fig.  5),  except  for  its  inward  extension,  had  advanced  but  little 
in  other  directions,  the  dorso-pubic  one  (pJ)")  had  become 
considerably  enlarged  in  the  direction  of  the  acetabulum,  giving 
rise  to  a  squarish  head  (*  of  fig.)  which  blocked  the  way  of  its 
fellow  towards  that  cavity,  and,  in  correlation  of  growth  with  the 
iliac  base,  would  almost  certainly  have  excluded  it  therefrom. 
The  relations  borne  by  this  said  ''  head  "  to  the  adjacent  osseous 
centres  are  very  suggestive  of  those  of  the  Leporine  os  acetabuli 
when  first  it  appears ;  and  they  accordingly  raise  the  broader 
question  whether  that  bone,  so  variable  among  the  higher 
Mammalia,  may  not  be  the  reduced  representative  of  an  origin- 
ally more  extensive  structure. 

The  epipubes  of  both  my  Duck- Bills  were  ossified  (those  of  the 
older  one  completely  so,  and  those  of  the  younger  partially  so) 
from  a  single  centre  in  each,'  which  had  extended  most  rapidly 
in  an  inward  direction,  and  had  replaced  all  but  its  outer  border 
and  opposite  extremities.    The  customary  articulation  for  the 

^  Zeitsch./.  Wis8,  Zool,  6d.  58,  Suppl.  p.  55,  and  pi  yi.  fig.  11.  My  friend 
informs  me,  by  letter,  that  in  his  specimen  the  pnbio  centres  were  "distinct  and 
independent,  and  in  no  way  united  on  the  inner  tide."  He  also  asserts,  in 
answer  to  a  query  of  my  own,  that  the  ^suture"  marked  a  in  his  figure,  which  he 
took  to  represent  the  demarcation-line  between  ischium  and  pubis  (and  which,  if 
present,  would  imply  a  part  articulation  of  the  epipubis  upon  the  ischium),  is 
''  a  mistake,"  the  cartilage  *' having  broken  down  "  at  that  point 

*  Cf,  Leche,  op.  eit.,  p.  88,  and  Flower's  Osteology  o/tJu  Mammalia^  ed.  8,  p.  814. 

'  From  the  nature  and  extent  of  this,  I  doubt  Wiedersheim's  surmise  that  the 
epipubis  of  his  example  would  have  been  completely  cartilaginous,  if  forthcoming. 
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epipubis  was  fully  differentiated  in  the  younger  animal  {or, 
fig.  5)»  but  the  oblique  disposition  of  the  base  of  this  elemeat 
across  the  pre-pubic  border,^  obvious  enough  in  the  adult,  i^ 
at  this  young  stage,  very  much  more  marked.     Not  only  s^ 
but  at  this  period  the  dorso-pubic  centre  {jpJb")  furnishes  it 
with  a  direct  fiilcrum  of  support.    The  veutro-pubic  centre  {jhS) 
at  this  stage,  as  at  the  preceding  one  described  by  Wieder- 
sheim,  stops  short  of  the  epipubic  articulation  {ar,) ;  and  the 
conditions  are  such  that  the  dorso-pubic  element  must  be 
directly,  if  not  exclusively,  functional  in  receiving  the  upward 
thrust  upon  the  epipubis  resulting  from  the  weight  of  the 
superposed  viscera.     There  is  thus  good  reason  for  associatiDg 
the  elongated  development  of  the  dorso-pubic  centre  with  the 
physiological  requirements  of  the  epipubis ;  and,  if  I  am  right  in 
homologising  the  former  with  the  os  acetabuli  of  the  higher 
Mammalia,^  and  the  veutro-pubic  centre  of  the  Omithorhynchos 
with  their  pubic  one  as  ordinarily  defined,  an  inverse  develop- 
ment of  the  parts  in  the  two  great  divisions,  so  &r  as  at  pre- 
sent studied,  is  demonstrated.      In  the  Ornithorhynchus,  in 
which  the  epipubis  is  fully  formed  and  at  its  maximum  of 
expansion   for  all    known  mammals,  the    presumed  cotyloid 
element  is  dominant;  while  in  the  Placentalia,  in  which  the 
epipubis  has  disappeared,  this  becomes  subservient  to  its  fellow, 
altogether  vestigial  in  nature,  and  variable  in  its  manner  of 
ankylosis  with  the  other  pelvic  elements.' 

Leche,  working  along  lines  laid  down  by  Hofimann  and  Huxley, 
has  attempted  to  homologise  the  mammalian  cotyloid  bone  with 
the  cotyloid  cartilage  of  Crocodiles,  and  with  the  so-called  calci- 
fied portion  of  the  pubic  cartilage  of  Amphibians ;  ^  but  the 
proof  appears  to  me  insufficient  in  at  least  the  latter  case.  The 
hypothesis  which  I  have  put  forward,  if  correct,  renders  it  more 

^  Indicated  by  the  line  «  -  ^  of  fig.  6. 

'  The  most  weighty  objection  to  be  raised  against  this  is  Mehnert's  discoveiy 
(Morph,  Jahrb,^  Bd.  xv.  p.  95)  that  the  cartilaginous  pubis  of  mammals  does 
not  enter  into  the  composition  of  the  acetabular  cavity.  But  this  concInsioD, 
in  strictness,  applies  only  to  one  of  the  forms  {Lepua)  which  he  investigated. 

'  Even  within  the  limits  of  an  individual  order.  Of.  Leche,  Kgl,  Svenshi  Vd,- 
Akad.  ITandl.,  Bd.  cU.,  pp.  82,  83.  It  need  hardly  be  added  that  if  my  Tiev  in 
correct,  Leche's  conclusion  that  the  cotyloid  bone  was  differentiated  later  tlian 
the  other  pelvic  elements  will  require  to  be  reconsidered. 

*  Op.  cU.f  pp.  86-37. 
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M*pro1>able  that  the  double  oasification  of  the  pubis  and  the  posses- 

;*3ioii  of  an  osseous  cotyloid  elemeut,  are  exclusively  mammalian 

.  ^tiaracters.    It  appears  to  me  to  more  satisfactorily  account 

for  the  relationships  of  the  cotyloid  bone,  and  for  that  peculiar 

squareness  which  it  occasionally  exhibits.    Whatever  is  to  be  said 

for  it,  it  need  hardly  be  pointed  out  that  while  the  facts  furnish 

.us  with  a  possible  clue  to  the  origin  of  the  cotyloid  bone,  they 

,  inirest  the  further  study  of  the  mammalian  pubis,  and  especially 

.  of  its  development  iu  the  Marsupialia,  with  a  fresh  interest. 

My  beloved  Master,  Prof.  Huxley,  in  his  important  monograph 
,  upon  the  mammalian  pelvis,^  has  laid  especial  stress  upon  the 
^  -wide  angle  of  inclination  of  the  hip-girdle  to  the  sacrum  in 
Oruithorhynchus.  Having  defined  the  "  sacral  axis  "  as  "  a  longi- 
tudinal line  traversing  the  centre  of  the  sacral  vertebrse,"  and  the 
''  iliac  axis ''  as  one  ^  drawn  along  the  ilium  dorso-ventrally, 
through  the  middle  of  the  sacral  articulation  and  the  centre  of 
the  acetabulum,"  and  surveyed  the  variations  undergone  by  the 
pelvis  of  certain  Mammalia  and  Sauropsida  in  relation  to  these 
axes,  he  remarks  {loc,  cit.,  p.  400) : — 

**  The  *  Pro-mammalia '  antecedent  to  the  Monotremes  may  be 
expected  to  have  the  iliac  and  obturator  axes  perpendicular  to  the 
sacral  axis  .  .  .  something,  in  short,  between  the  pelvis  of  an  Omitho^ 
rhynchus  and  that  of  a  land  tortoise."  He  proceeds,  "  We  are  led  to 
the  construction  of  a  common  type  of  pelvis,  whence  all  the  modifica- 
tions known  to  occur  in  the  Sauropsida  and  in  the  Mammalia  may 
have  diverged ; ''  and  concludes,  urging  his  belief  in  the  amphibian 
ancestry  of  the  Mammalia,  that  {loc,  aY.,  p.  403)  "  in  such  a  pelvis  as 
that  of  Salamandra,  we  have  an  adequate  representation  of  the  type 
from  which  all  the  different  modifications  which  we  find  in  the  higher 
•vertebrata  may  have  taken  their  origin,"  with  the  correlative  that  the 
Mammalia  appear  to  "  have  been  connected  with  the  Amphibia  by 
some  unknown  *  pro-mammalian '  group,  and  not  by  any  of  the 
known  forms  of  Sauropsida." 

With  these  words  ringing  in  my  ears,  I  was  not  a  little  sur- 
prised to  find  that  in  the  younger  Omithorhynchus  herein  dealt 
with  the  angle  of  pelvic  inclination  was  approximately  that  of 
Echidna  and  the  higher  Mammalia.  It  is  represented  at  L  in 
fig.  7,  as  related  to  the  sacral  axis  a — jS.  This  ligure  is  a  faith- 
ful tracing  of  the  iliac  and  sacral  axes  of  four  specimens  of 
advancing  ages :  ii.  being  that  of  Prof.  Stewart's  example  so 

^  Proc  Boy.  Soc*,  Lond.,  vol.  zxviiL  p.  895. 
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often  referred  to ;  iiL  that  of  a  sexually  mature  male  not  fully 
grown ;  and  iv.  that  of  a  very  old  male  in  my  teaching  ooUec- 
tion ;  and  it  testifies  to  the  fact  that  the  forward  rotation  of  the 
Ornithorhynchus  hip-girdle  upon  its  sacrum  is  a  secondary 
character,  acquired  ontogenetically.^  The  ilium  undei^goes 
during  life  a  forward  rotation  of  45"" ;  and  it  is  thus  proved  that 
the  Ornithorhynchus'  pelvis  arrives  at  its  approximately  reptilian 
condition  through  the  more  typically  mammalian  one  met  widi 
in  Echidna. 

Careful  examination  has  shown  that  the  backward  rotation  in 
the  Echidna  may  be  slightly  in  excess  of  that  of  the  young 
Ornithorhynchus;    and    in    this   there  may  perhaps    lie    the 
rationale  of  its  occasional  possession  of  four  sacral  vertebne 
(c/.  ante,  p.  547).     On  the  other  hand,  comparison  of  the  pelvis 
of  an  immature  Echidna  acvleatay  var.  setosa^  in  my  collection 
with  such  older  skeletons  of  this  and  the  allied  Echiduidae  as  I 
have  examined,  shows  that  in  this  genus  there  ia  a  distinct 
forward  rotation  undergone  during  late  growth,  and  that  the 
depth  of  the  spina  posterior  ilii  may  be  perhaps  an  index  of  the 
degree  of  the  same.    While,  in  respect  to  the  extent  of  its  tme 
sacrum,  the  Echidna    is  as  highly  modified    as    any   living 
mammal,  the  discovery  that  Ornithorhynchus  starts  with  a 
backwardly  rotated  pelvis,  and  that  in  both  it  and  the  Elchidoa 
a  forward  rotation  is  effected,  lends  considerable  support  to 
Fraulein  Westliug's  conclusion^  that  the  living  Monotremes^ 
although  extremely  specialised  in  the  direction  of  pure  adapta- 
tion, are  genetically  intimately  related  form&^ 

Discoveries  made  since  the  Huxleyean  passages  above  quoted 
were  written,  having  reference  more  especially  to  the  oonstita- 
tion  of  the  occiput  in  the  Amniota  and  Amphibia,^  to  the 

^  As  I  believe  to  be  true  of  the  flatness  of  the  head  of  this  animaL 

^  Based  upon  the  discovery  of  the  common  possession  by  the  two  genera  of 
nerve-mnscle  relationships  of  a  unique  order. — BihaitgtiUK,  Vet.  AkatL  Handi, 
(Stockholm),  Bd.  xv.  p.  61. 

'  The  presence  of  an  accessory  iliac  facet  on  the  right  side  of  the  oldest  Orni- 
thorhynchus examined  (a.a,,  fig.  1)  may  be  appropriately  recorded  here.  It  pre- 
supposes the  existence  of  a  powerful  lumbar  articulation,  but  unfortunately  the 
thoraco-lumbar  vertebrae  were  not  forthcoming.  It  was  accompanied  by  a  greater 
extension  backwards  of  the  second  sacral  transverse  process  of  the  left  aide. 

«  Cf.  JProe.  Zool.  Soc,,  1890,  p.  868,  and  1898,  p.  273.  That  these  investigations 
and  the  known  facts  of  variation  of  the  occipital  condyle  show  that  stractoie  to  be 
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morphology  of  the  sternum,^  phalanges,^  and  diaphragm,*  to  the 
question  of  hair  and  scale  formation,*  and,  above  all,  to  the 
skeleton  of  the  Anomodont  Reptiles,  have  profoundly  modified 
our  views  upon  the  ancestry  of  the  Mammalia;  and  we  to- 
day turn  to  the  Auomodontia,^  as  those  creatures  most  likely 
to  yield  the  clue  to  that  which  in  the  longrun  has  been  our  own 
primary  origin. 

Professor  Seeley,  in  one  of  his  recent  and  most  valu- 
able monographs  upon  the  Anomodontia,  has  tabulated^  the 
mammalian  resemblances  of  their  pelvis,  and  of  these  there  is 
no  one  more  conspicuous  than  the  backward  rotation.  The 
facts  which  he  summarises,  together  with  those  which  I  have 
herein  recorded,  go  far  to  prove  that  the  characteristic  backward 
rotation  of  the  mammalian  pelvis  had  been  effected  prior  to  the 
evolution  of  the  class,  within  the  limits  of  the  order  ancestral  to 
it.  Judged  from  this  standpoint,  the  hip-gurdle  of  Ornithorhyn- 
cbus  may  be  looked  upon  as,  in  its  disposition,  the  most,  rather 
than  the  least,  modified  of  that  of  all  living  Mammalia.  A 
minor  feature,  perhaps  not  without  significance  in  this  connec- 
tion, is  the  small  size  of  the  obturator  foramen  in  the  young 
Duck-Bill  (fig.  5),  and  its  close  resemblance  to  that  of  Platypo- 
dosaurvs  among  Anomodonts.^ 

valaeless  as  a  guide  to  affinity  will,  I  think,  be  now  generally  admitted  ;  and  the 
presence  in  the  lower  Sanropaida  of  symmetrically  paired  aortic  arches  of  the 
Amphibian  type  greatly  diminishes  the  force  of  the  argument  deduced  from  the 
study  of  those  vessels. 

^  QT.  NcOwre,  vol.  xliiL  p.  269,  and  Wiedersheim,  Das  Gliedmassenakelet  d, 
JFirbelth,  Jena,  1892,  pp.  198-8  and  p.  216. 

•  This  Journal,  vol.  xxvi.  pp.  401-8. 

'  JProe.  Zool,  Soe.,  1887,  pp.  462-4  and  p.  471. 

•  Cf.  especially  the  work  of  Max  Weber  and  his  pupils,  as  recently  reported  by 
bim  in  the  Anat.  Ameigerf  1893,  p.  418. 

»  Of,  Lydekker  in  Proc  Zool  Soc.,  1898,  p.  172. 

•  Phil.  Trana.,  1888,  B.,  pp.  106-8. 

^  Owen,  Jour,  Oeol,  Soc. ,  Lond. ,  vol.  87,  p.  269.  My  thanks  are  due  to 
Mr  A.  S.  Woodward  for  the  reference  to  this  paper. 

There  appears  to  me  little  cause  for  the  late  Professor  Owen's  doubts  con- 
cerning the  homology  of  this  perforation  which  I  have  adopted.  And  it  may  not 
be  without  interest  to  remark  tbat  in  the  golden  mole  (Chryaochloria)  a  much 
smaller,  but  an  undoubted,  obturator  foramen  occiirs,  presumably  as  the  result  of 
geooudary  occlusion.  (Gf,  Dobson,  loc,  cU,,  toI.  ii.  p.  116,  and  pi.  ziii.  fig.  7, 
and  Leche's  description  of  the  pelvis  in  Chrocidura  and  other  Mammalia  {K.  vet, 
Akad,  Eandl,,  p.  16,  Taf  i.  figs.  15  and  20.) 
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DESCRIPTION  OF  PLATE  XXVIIL 

Rtferen/ot  letters. — a.a.,  Accessory  (lumbar)  articulation.  «l, 
Acetabulum.  CLn.^  Ossific  neural  arch  (neurosteite).  or.  (figs.  1 
and  3),  Sacral  arcade,  ar.  (figs  5  and  6),  Articular  facet  for  epipubis. 
a,8.f  Arch  of  sacral  vertebra,  b.v,.  Ossifying  centrum  (centrosteite). 
^/.,  Depression  formed  by  gluteus  medius.  il\,  Ilium,  ii"^  Wk 
epiphysis.  is.y  Ischium.  Z.of .,  Levator  caudse  muscle,  body.  Loi'^ 
The  same,  iliac  head.  LccF".^  The  same,  slips  arising  within  saoil 
arcade.  Ig.,  Ilio-sacral  ligament,  mp..  Sacral  metapophysia  jtb'^ 
Ventro-pubic  element,  pb".^  Dorso-pubic  (?  cotyloid)  element,  pr^ 
Ilio-pectineal  process.  pr".j  Met-ischial  process.  r.«.,  Sacral  ribi 
sy.,  Pelvic  symphysis,  tr.,  Transverse  process,  zy,,  Pre-zygapophysk 
The  remainder  are  referred  to  in  the  text. 

Fig.  1.  OiTiithorhynchfis  anatinus.  Sacrum  of  an  old  $  viewed  from 
the  front.     Natural  size. 

Fig.  2.  The  same.  Young  ^J  of  316  mm.  total  length;  right  half 
in  median  section,  for  comparison  with  fig.  3. 

Fig.  3.  The  same.  Young  $  of  220  mm.  total  length,  in  medial 
transverse  section.     Figs.  2  and  3  slightly  enlarged. 

Fig.  4.  The  same.  Adult  ^ ,  dissection  of  the  levator  caudse  muscle 
of  the  left  side,  to  show  its  relationships  to  the  ilium  and  sacral 
arcade.     Natural  size. 

Fig.  5.  The  same.  Left  half  of  the  hip-girdle  of  the  220  mm. 
example,      x  2. 

Fig.  6.  The  same.  Hip-girdle  of  the  316  mm.  example,  viewed 
from  the  left  side  in  sitv^  in  relation  to  the  sacral  axis  a — ^ 
Natural  size. 

Fig.  7.  The  same.  Copy  of  a  traciug  on  gelatine,  denoting  the  axis 
of  inclination  of  the  hip-girdle  to  the  vertebral  column  at  foai 
successive  stages  in  growth,  a — P  denotes  the  sacral  axis,  and  the 
length  of  the  oblique  line  t.6.,  in  each  ccuse,  that  of  the  entire  ilium, 
i.  ?  220  mm.  total  length ;  ii.  $  360  mm.^  uL  $  470  mm.;  iv.  old 
$ ,  length  undeterminable.     Natural  siza 

Fig.  8.  Centetes  ecatidattis.  Front  view  of  sacrum  and  hip-gizdla 
Natural  size. 

Fig.  9.  Erinaceus  europepus.     The  same.     Natural  size. 

Fig.  10.  Lagomys  microtis.  The  same.  Slightly  enlarged,  for 
better  comparison  with  figs.  8  and  9. 

Fig.  11.  Tatusia  novemcincta.  Ventral  view  of  young  sacnun. 
Natural  size. 

The  specimen  which  furnished  figs.  2  and  6  is  in  the  Museum  of 
the  Royal  College  of  Surgeons. 


TWO  CASES  OF  SUBDIVISION  OF  THE  POUCH  OF 
DOUGLAS  IN  THE  FEMALE  INTO  THREE 
FOSSiE.    By  O.  J.  BLiUFFMANN. 

The  condition  consists  in  the  division  of  the  utero-rectal  pouch 
into  three  fossae,  the  deep  middle  fossa  presenting  the  appear- 
ance of  a  diverticulum  from  the  peritoneal  cavity,  and  extending 
in  a  downward  direction  between  the  rectum  and  the  vagina. 
Viewed  from  above,  this  middle  pouch  is  evidently  nearer  to  the 
rectum  than  to  the  vagina,  and  appears  as  though  prolonged 
on  to  the  former  viscus.  It  is  conical  in  shape,  with  the  apex 
directed  downwards,  and  the  base  of  the  cone  is  at  the  junction 
with  the  general  peritoneal  cavity,  the  commencement  of  the 
diverticulum  being,  however,  distinctly  demarcated  The  base 
of  the  diverticulum-like  middle  fossa  measures  about  I^  inch 
across,  and  its  depth  is  the  same ;  the  apex  corresponds  with  a 
point  in  the  vagina  about  I^  inch  below  the  external  os  uteri. 
The  sac  is  lined  with  glistening  peritoneum.  Projecting  partly 
across  the  base  of  the  pouch  from  its  right  edge  is  a  triangular 
thin  membranous  fold  of  peritoneum,  the  free  border  of  which 
reaches  not  quite  half-way  across  the  mouth  of  the  sac.  On  the 
left  side  of  the  base  of  the  pouch  are  a  few  tags  of  membrane, 
seeming  to  indicate  that  an  analogous  membranous  formation 
existed  or  was  attempted  on  that  side,  and  that  it  either  was 
destroyed  or  remained  abortive. 

The  membrane  and  pouch  are  very  evidently  not  the  result  of 
any  inflammatory  process,  there  being  no  trace  of  thickening, 
and  the  glistening  serous  covering  being  very  distinct. 

The  specimen  was  removed  from  the  body  of  a  woman  aged 
36,  who  died  as  a  result  of  an  operation  for  the  relief  of  an 
abdominal  extra-uterine  gestation. 

Another  case  of  very  similar  nature  has  occurred  to  me  in  the 
body  of  a  girl  aged  17,  who  was  under-developed  in  every  respect, 
and  who  had,  in  addition,  a  congenital  heart-lesion.  Death  in 
this  instance  was  due  to  pericarditis.  The  pouch  here  was  not 
conical,  but  almost  spherical  in  shape,  and  was  delimited  from 
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the  general  peritoneal  cavity  by  a  sharp,  thin,  projecting 
membranous  rim  of  peritoneum,  perfectly  symmetrical,  which 
left  a  circular  opening  of  communication  with  the  peritoneal 
cavity  about  ^  inch  across.  This  sac,  too,  was  lined  with 
glistening  peritoneum. 

As  regards  the  mode  of  production  of  these  evidently  congeni- 
tal middle  pouches,  their  site  and  character  have  suggested  to 
me  that  they  are  remnants  of  that  part  of  the  embryonic  bodj- 
cavity  which  belonged  to  the  primitive  hind-gut,  or  that  part  rf 
the  alimentary  canal  which,  after  the  invagination  of  the  anoS) 
becomes  the  post-anal  gut. 

Whether  the  transverse  membrane  in  the  first  case  and  the 
diaphragm-like  membrane  in  the  second  may  be  taken  as 
showing  that  this  part  of  the  coelom  is  habitually  closed  off  by 
a  transverse  ingrowth  of.  the  peritoneum  I  will  not  venture  to 
say,  but  the  appearances  described  are  suggestive  of  such  a 
process. 

The  first  patient  had  previously  been  several  times  normally 
pregnant,  and  the  thought  that  her  extra-uterine  gestation  may 
have  been  favoured  by  a  mal-development  of  the  ovary  cannot 
therefore  be  entertained. 


DIVERTICULUM  (MECKEL'S)  OF  SMALL  INTESTINE. 
By  A.  M.  Buchanan,  M.D.,  Professor  ofAriatomy,  Anderson* a 
College,  Glasgow. 

This  case  presented  features  of  so  great  interest  and  importance 
(both  medically  and  surgically)  as  to  justify  a  record  being  made 
of  it 

It  occurred  in  a  male  subject  ast.  42  years  (cause  of  death 
pneumonia),  and  was  observed  in  the  month  of  January  1893. 

On  opening  the  abdomen,  attention  was  first  drawn  to  the  very 
large  size  of  the  stomach. 

This  organ,  when  moderately  distended,  had  the  following 
measurements : — > 

Length  from  left  side  of  cardiac  orifice  to  pyloric 

orifice  (along  greater  curvature)    . 

Lesser  curvature 

Length  from  fundus  to  pylorus     .... 
Circumference  opposite  cardiac  orifice  . 
Circumference  midway  between  cardiac  and  pyloric 

orifices         

Circumference  at  6  centimetres  from  pyloric  orifice 
Circumference  immediately  to  left  of  pyloric  orifice 

On  separating  the  coils  of  the  small  intestine  a  well-marked 
diverticulum  was  discovered.  It  lay  quite  free  amongst  the 
convolutions  of  the  gut,  and  had  not  the  slightest  trace  of  a 
mesentery.  It  projected  to  the  right  of  the  middle  line,  and  had 
an  inclination  downwards  or  away  from  the  stomach,  so  that 
foreign  or  other  matter  could  easily  have  entered  its  cavity.  It 
was  situated  on  the  free  border  of  the  ileum,  exactly  opposite  the 
line  of  attachment  of  the  mesentery. 

These  points  having  been  noted,  the  intestinal  canal  (small 
and  large)  was  then  carefully  removed,  with  the  exception  of  the 
rectum.    The  total  length,  exclusive  of  rectum,  was  32  feet. 

The  diverticulum  was  situated  exactly  4  feet  from  the 
termination  of  the  ileum  in  the  large  intestine. 

The  axis  of  the  diverticulum  was  not  at  right  angles  to  the. 
immediately  adjacent  portion  of  ileum^  but  inclined  downwarda 
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as  well  03  to  the  right  Its  form  was,  with  slight  modi£catioD, 
conical.  Its  base  or  attached  end  was  con:iparatively  constricted. 
It  then  expanded  into  a  body  which  subsequently  became  very 
disbiDCtly  constricted,  and,  finally  expanding  slightly,  terminate 
in  a  somewhat  pointed  extremity. 

Its  opening  of  communication  with  the  ileum  was  very  distinct 
and  patent,  circular  in  shape,  and  without  the  very  slightest 


trace  of  any  valvular  arrangement,  so  that  the  natural  contents 
of  the  bowel,  foreign  matter,  intestinal  worms,  &c.,  had  easy 
access  to  the  nest  which  it  afforded  them. 
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Circular  and  longitudinal  muscular  fibres  could  be  seen,  but 
they  were  exceedingly  sparse. 

There  was  no  trace  (visible  from  without)  of  valvulae  con- 
niventes,  and  it  cannot  be  said  whether  villi  were  present  or  not. 
It  was  highly  vascular,  more  so  proportionately  than  the  part  of 
the  ileum  with  which  it  was  connected,  and,  as  will  be  seen  from 
the  illustration^  a  well-sized  and  well-injected  artery  (branching 
out  freely)  extended  from  base  to  apex  on  the  anterior  surface. 

The  following  are  the  measurements : — 

Length 9    centimetres. 

Circumference  at  base 11 

Circumference  at  widest  part  (3|  centimetres  from 

base) 12 

Circumference  4  centimetres  from  apex  .         .10 

Circumference  below  apex 5 

Circumference  of  apex  =  {^  circumference  of  point  of  ordinary  little 

finger). 

Twenty-six  centimetres  of  bowel  (measured  along  the  mesen- 
teric border)  above  the  diverticulum  are  shown  in  the  illus- 
tration. This  portion  presented  along  the  same  border  five 
distinct  constrictions,  with  four  intervening  dilatations,  the 
lowest  and  deepest  constriction  being  situated  opposite  centre 
of  base  of  diverticulum. 

The  following  measurements  of  the  ileum  above  and  below  the 
diverticulum  were  taken  : — 

(1)  Above — 

Circumference  immediately  above  .         .         -10^  centimetres. 

Do.  26  centimetres  above      .  -Hi  »> 

(2)  Below— 

Circumference  immediately  below  .12  „ 

Do.  23  centimetres  below  .10  „ 

The  diverticulum  was  patent  throughout,  even  to  its  apex. 
It  lay  over  the  immediately  subjacent  coil  of  ileum,  which  it 
might  thus  have  injuriously  compressed. 

CoBCUTn  and  Vermiform,  Appendix, 

The  caecum  and  vermiform  appendix  in  the  subject  in  which 
the  diverticulum  was  met  with  were  so  peculiar  and  interesting 
as  to  call  for  the  following  notes  being  made  in  regard  to  them. 
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Oaly  a  very  small  part  of  the  cecum  at  its  commencement 
lay  ID  the  upper  part  of  the  right  iliac  fossa.  The  greater  part 
of  it  extended  upwards  and  to  the  left,  behind  the  termioal 
portion  of  the  ileum,  into  the  hypogastric  region,  reaching  neariy 


as  high  as  the  umbilicus.    In  this  course  it  extended  to  the  left 
of  the  left  border  of  the  termination  of  the  ileum  for  5  centi- 
metres. 
The  dimensione  of  it  were  as  follows : — 

LeDgth  along  convex  border         ....  241  centimetres. 

Circumference  at  end 23|  „ 

Circumference  at  widest  part  (opposite  centre  of 

entrance  of  ileum)        .....  27^  „ 

The  only  part  of  the  ciecum  which  had  a  mesentery  was  that 
portion  which  lay  in  the  upper  part  of  the  right'iliac  fossa. 
The  vermiform  appendix  was  remarkable  for  its  length  and 
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its  relation  to  the  lower  part  of  the  ileum.    Its  measurements 
were  as  follows : — 

Length 13^  centimetres. 

(Circumference  at  attached  end,  and  for  4  centi- 
metres beyond  that 3 

Circumference  elsewhere 2^ 


if 


The  exact  attachment  was  to  the  junction  of  the  anterior  wall 
with  the  mesial  and  blind  end  of  the  csecum,  and  midway 
between  its  superior  and  inferior  borders.  Its  direction  was 
upwards  and  forwards  behind  the  lower  part  of  the  ileum,  over 
one  of  the  coils  of  which  it  rested. 

It  might  thus  have  easily  strangulated  this  portion  of  bowel. 
The  part  of  the  appendix  immediately  adjacent  to  the  csecum 
had  a  small  mesentery.  The  whole  appendix  was  pervious 
throughout,  and  presented  one  very  marked  curve  where  it  lay 
over  the  ileum. 

The  circumference  of  the  commencement  of  the  ascending 
colon  was  27  centimetres. 


^otm$  oi  Itiefa  §0flhs. 


AnmicU  of  the  Universal  Medical  Sciences.     Edited  by  C.  E.  Sajoas, 
M.D.     Davis  &  Co..  Philadelphia,  1892, 

Dr  Sajous  and  his  associate  editors  have  produced,  with  their 
customaiy  alertness  and  thoroughness,  their  annual  report  on  the 
progress  of  the  medical  sciences.  The  five  volumes  now  before  us 
furnish  an  admirable  record  of  medical  literature  for  the  year  pre- 
ceding their  publication.  The  last  volume  contains  abstracts  of  a 
number  of  important  papers  on  igiatomy,  teratology,  and  physiology. 


Die  Morphologiedes  Stirrdappens  und  der  Jnsel  der  Afiihropomorphen* 
By  Professor  D.  Marchand.     Gustav  Fischer,  Jena,  1893. 

This  memoir  contains  a  carefully  written  account  of  the  frontal  lobe 
in  the  chimpanzee,  goriUa,  and  orang,  from  specimens  examined  by 
the  author.  The  insula  is  also  described  in  the  brains  of  man,  apes, 
and  lemurs,  and  the  morphology  of  this  division  of  the  brain  is 
discussed.  Professor  Marchand  reviews  the  facts  stated  and  the 
opinions  expressed  by  previous  writers  on  these  parts  of  cerebral 
anatomy. 


Die  Epiglottis — vergleichendanatomische  stttdie,  von  Carl 
Gegenbaur.     Leipzig:  Engelmann,  1892. 

Professor  Gegenraur  dedicates  this  monograph  on  the  epiglottis  to 
Professor  von  Kolliker,  in  recognition  of  the  attainment  by  the  latter 
of  the  fiftieth  anniversary  of  his  medical  doctorate.  In  a  graceful 
introduction,  he  refers  to  Kolliker's  activity  as  a  teacher  and  investi- 
gator. He  dwells  upon  the  great  range  of  the  original  work  which 
Kolliker  has  done  in  all  branches  of  biology  from  the  time  when, 
under  the  impulse  of  Johannes  MilUer  the  greatest  teacher  of  anatomy 
and  physiology  which  this  century  has  produced,  he  began  his  observa^ 
tions  on  the  structure  of  lower  organisms.  Gegenbaur  himself  is  a 
remarkable  example  of  width  and  grasp  in  the  investigation  of  struc- 
ture, and  in  the  consideration  of  biological  problems.  In  writing  this 
monograph  on  the  epiglottis,  he  has  studied  it  from  the  point  of 
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view  of  the  comparative  anatomist,  and  has  brought  together  a 
quantity  of  interesting  material  on  its  structure,  position,  and  phjlo- 
genetic  relations. 


Crania  Ethnica  Amei'tcanaf  herausgegeben  von  Rudolf  Virchow. 

Berlin  :  Asher  &  Co.,  1892. 

In  memory  of  Christopher  Columbus,  and  the  discovery  of  the  New 
World  400  years  ago,  Professor  Virchow  has  issued  an  atlas  of  a 
number  of  crania  of  American  aborigines  preserved  in  the  Museums 
in  Berlin.  The  atlas  contains  twenty-six  folio  plates,  and  in  each 
plate  are  five  figures  of  a  skull,  depicting  it  in  the  following  aspects : 
norma  facialis,  occipitalis,  lateralis,  verticalis,  and  inferior.  A  descrip- 
tion of  each  skull  is  given,  and  the  whole  is  preceded  by  a  chapter  on 
American  craniography. 


Dissections  Elustrated :  a  graphic  Handbook  for  Students  of  Human 
Anatomy.  By  C.  Gordon  Brodie,  F.R.C.S.,  with  Plates  by 
Percy  Highley.     Whitaker  k  Co.,  London. 

Part  I.  of  these  illustrations  of  human  anatomy  contains  a  series  of 
plates,  seventeen  in  number,  representing  dissections  of  the  most 
important  regions  in  the  human  upper  limb.  The  plates  are  printed 
in  colours,  so  that  the  eye  can  at  once  recognise  muscles,  fascia, 
arteries,  veins,  and  nerves.  Each  plate  is  accompanied  by  two  pages 
of  descriptive  letterpress.  The  work,  when  completed,  will  be  useful 
to  the  student  as  a  supplement  to,  but  not  as  a  substitute  for,  his 
regular  courses  of  dissection. 


Ntievo  Concepto  de  la  Histologia  de  Los  Oentros  Nerviosos.     Por  el 
Dr  D.  8.  Eam6n  y  Cajal.     Barcelona,  1893. 

Tffls  work  is  a  summary  in  pamphlet  form  of  the  papers  which  Ram6n 
y  Cajal  has  published  on  the  minute  anatomy  of  the  central  nervous 
system  during  the  past  few  years.  Abstracts  of  his  papers,  as  well  as 
those  of  Golgi,  von  Kolliker,  and  van  Gehuchteu,  working  with  similar 
methods,  have  from  time  to  time  appeared  in  this  Journal,  Without 
entering  into  any  detail  upon  the  novel  anatomical  facts  which  the 
methods  of  Golgi  and  Ram6n  y  Cajal  have  brought  to  light,  a  sum- 
mary of  the  conclusions  formed  by  the  latter  investigator  in  the 
monograph  before  us  is  here  given. 

1.  The  nerve  cell,    including  its  protoplasmic   and   axis-cylinder 
processes,  constitutes  a  nervous  unit. 
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2.  Nerve  cells  communicate  with  each  other,  not  necessarily  throagh 
continuity  of  structure,  but  by  contiguity  or  contact  This  ocean 
both  at  the  "  end  tuft ''  of  the  collaterals  of  axis-cylinder  proresaee, 
as  well  as  between  protoplasmic  arborisations. 

3.  The  direction  of  the  nervous  impulse  in  these  structures  is  prob- 
skbly  afferent  to  the  cell-body  through  the  protoplasmic  processes, 
efferent  through  the  axis-cjlinder  and  its  collaterals. 

4.  In  bipolar  cells,  such  as  are  seen  in  the  ganglia  of  the  posterior 
spinal  roots,  the  peripheral  expansion  is  regarded  as  of  protoplasmic 
nature,  and  hence  is  afferent  in  function. 

5.  Golgi's  view,  that  the  protoplasmic  processes  chiefly  served  tis 
the  nutritive  apparatus  of  the  cell,  has  not  been  entirely  confirmed  bj 
subsequent  observation. 


INDEX. 


Abdomen,  Re^ioiis  of,  257,  285. 

Acromion,  245. 

Adductors  of  Thumb  and  Great  Toe,  408. 

Aged  Persons,  Testicles  ofL  474. 

Allen,  F.  J.,  Urethral  Bulb,  235. 

Anencephalous  Foetus,  348. 

Anthropoid  Apes,  Grooves  in  Integument, 
112 ;  Vertebrae  of,  131. 

Annual  of  Univeraal  Medical  Sciences, 
564. 

Arrow  Poison,  402. 

Atlas,  Development  and  Variations,  519. 

Articulations, 'Costo-Stemal,  1;  Costo- 
vertebral, 131,  262. 

Arteries,  Middle  Sacral,  184;  Arch  of 
Aorta,  189 ;  of  Limbs,  377. 

Biceps  Flexor  Cruris,  282. 
Birmingham,  Ambrose,  Heart,  Anomaly 

of,  139. 
Braiji,  of  Geoige  Grote,  21 ;   Cerebral 

Commissures  in,  69. 
Buchanan,  A  M.,  Diverticulum  Ilei,  559. 

Cablier,  R  W.,  Histology  of  Hedgehog, 

-    85,169,354,508. 

Cartilages,  Supernumerary  Nasal,  181. 

Carwardine,  T.,  Suprasternal  Bones,  232. 

Cetacea,  Hind  Limb  in,  291. 

Charles,  B.  H.,  Craniology  of  Panjab 

Tribes,  5. 
Clarke,  J.  J.,  Temporal  Bone,  411. 
Collinse,  W.  E.,  Beproductive  Oigans  in 

Molluscs,  237. 
CoUoid  of  Thyroid  Gland,  161. 
Commissures,  Cerebral,  69. 
Costo-Stemal  Articulations,  1. 
Coeto- Vertebral  Joint,  131,  252. 
Crania  Ethnica  AmericaTia,  by  Professor 

Virchow,  665. 
Craniology  of  Paqjab  Tribes,  5. 
Craniometry  of  Panjab  Tribes.  5. 
Crocodilus  poroaus,  Jacobson^s  Organ  in, 

151. 
CuUingworth,  C.  J.,  on  Hymen,  343. 
Cnnnmgham,  D.  J.,  Begions  of  Abdomen, 

267. 
Cystic  Degeneration,  454. 

Das  CerUral-nerven^stem  wm  Protop- 
terua  annecUns,  by  B.  Burckhardt,  290. 

Degeneration,  454. 

Delimitation  of  Begions  of  Abdomen,  257, 
285. 


Die  Vergleichende  Anatomic des  Oehims, 
by  L.  Edinger.  290. 

Die  EpigloUia.  by  Professor  Gegenbaur, 
564. 

Diaaections  Illuatraied,  by  C.  Gtordon 
Brodie,  565. 

Diverticulum  Ilei,  559. 

Dog,  Testicles  of,  483. 

Douglas,  Pouch  of,  557. 

Downie,  W.,  Supernumerary  Nasal  Car- 
tilages, 181. 

Dura  Mater,  179. 

SUmenta  d'Anatomie  Comparte,  by  K 

Perrier,  429. 
Bichholz,     A.,    Morphology    of    Limb 

Arteries,  377. 
Embryo,  Malformations  of.  348,  436. 
Erinacefiia  europasuaf  85,  lo9,  354,  508b 

Fawcett,  K.,  Dura  Mater  and  Lower  Jaw 
Joint,  179. 

Gastbic  Digestion,  195. 

Gillespie,  A  L..  Gastric  Digestion,  195. 

Griffiths,  Joseph,  Testicles  of  Old  Men, 

474;  of  Dog,  483. 
Grote,  Brain  of  Geoige,  21. 
Gulland,  G.   L.,  Placenta   of  Macacua 

rheaua,  361. 
Gorilla,  Vertebne  of,  131 ;  Hand  of,  112. 

Hairs,  Nerve  Endings  on,  224. 

Hart,  D.  B.,  Placenta  of  Macacua  rheaua, 
361. 

Hepburn,  David,  Integumentary  Grooves, 
112  ;  Biceps  Flexor  Cruris,  282 ;  Ad- 
ductor Muscles,  408. 

Hermaphrodite  Molluscs,  237. 

Heart,  Anomaly  of,  139,  464  ;  Degenera- 
tion of,  464. 

Hedgehog,  Histology  of,  85. 169,  354, 508. 

Histology,  85,  169,  354, 508. 

Hoggan,  G.  and  F.  E.,  Nerve  Endings  on 
Hairs,224. 

Home,  B.  M.,  Colloid  of  Thyroid  Gland, 
161. 

Horsley,  Victor,  Cranio-Cerebral  Tojao- 
grapkyf  228  ;  Structure  and  Functum 
of  brain  ana  Spinal  Cord^  289. 

Howes,  G.  B.,  Mammalian  Pelvis^  543. 

Human  Embryology,  C.  S.  Minot,  429. 

Hymen,  843. 


668 


INDEX. 


Ichthyomis,  836. 

Interosseous  Nerve,  Anterior,  192. 

Integument,  Grooves  in,  112. 

Jacobson's  Organ,  151. 

Kauffmabn,  0.  J.,  Pouch  of  Douglas, 
557. 

Larynx  in  Voice  Production,  431. 
Limbs,  Hind,  in  Cetacea,  291 ;  Morpho- 
logy of  Arteries  of,  877. 

Macacos  rhesus.  Placenta  of,  381. 

Macalister,  Alex.,  Acromion,  245;  First 
Costo- Vertebral  Joint,  252 ;  Atlas,  519. 

Malformations,  348,  415,  436,  464. 

Marshall,  John,  Brain  of  Geoi^ge  Qrote,  21. 

Marsupialia,  Cerebral  Commissures  in,  69. 

Meckel's  Diverticulum,  559. 

Median  Nerve,  192. 

Meek,  A.,  Jacobson's  Organ,  151. 

Meigs,  A.  v.,  Cystic  Degeneration,  454. 

Meningeal  Artery,  279. 

Monotremata,  Cerebral  Commissures  in, 
69  ;  Pelvis  in.  543. 

Molluscs,  Hermaphrodite,  287. 

Moi'pJwlogie  des  iStemlappens  und  der 
Ifisdf  by  Prof.  D.  Marchand,  564. 

Muscular  System,  Psoas  Parvus,  187 ; 
Biceps  Flexor  Cruris,  282;  Adauctors 
of  Thumb  and  Great  Toe,  408 ;  Sternalis 
Muscle,  505. 

MuRgrove,  Jas.,  Costo-stemal  Articula- 
tions, 1 ;  Ophthalmic  Artery,  279. 

Nerve  Tracts  in  Mid  and  iTind  Brain, 
and  Cranial  Nerves  arising  iher^rom, 
by  Alex.  Bruce,  286. 

Nervous  System,  Brain  of  George  Grote, 
21 ;  Cerebral  Commissures,  69  ;  Median 
and  Ulnar  Nerves,  192 ;  Nerve  Endings, 
224 ;  Phrenic  Nerve,  427. 

Nose,  Development  of,  151 ;  Cartilages 
of,  181. 


Ophthalmic  Arterv,  279. 

Ornithorhynchus,  Pelvis  of,  543. 

Osseous  System,  Sui)rasternal  Bones,  232 
Absence  of  Ulnae,  239  ;  Acromion,  245 
Ichthyoniis,  336 ;  Temporal  Bone,  411 
Parietal  Bone,  501 ;  Atlas,  519. 

Palm,  Grooves  in,  112. 
Parietal  Bone,  Depressions  in,  501. 
Parsons,  F.  G.,  Musculus  Sternalis,  505. 
Panjab  Tribes,  Craniology  of,  5. 


Pelvis,  Mammalian,  543. 

Peritoneum  in  Pelvis,  557. 

Phrenic  Nerve,  427. 

Placenta  of  Maxacus  rhesus^  S61. 

Poison,  Arrow,  402. 

Prids  de  Teratologie,  by  L.  Gniiuupd,  4i& 

Pringle,  J.  H.,  Absence  of  Ulna,  239. 

Proteids,  Gastric  Digestion  of,  195. 

Psoas  parvus,  187. 

Sacral  Artery,  Middle,  184. 

Sanders,  Gordon,  Malformation  of  Hesrt 

and  Great  Vessels,  464. 
ShephenL  F.  J.,  Depressions  in  Fuietal 

Bone,  501. 
Shufeldt.  R.  W.,  On  Ichthyoniis.  336L 
Smith,  W.   W.,   Regions  of  AlxiooMB, 

285. 
Sole,  Grooves  in,  112. 
Sternalis  Muscle,  505. 
Strings,  Vibration  of,  431. 
Struthers,  John,  Vertebrae  of  Man  and 

GoriUa,  131 ;  Hind  Limb  of  Fin  Whale. 

291. 
Suprasternal  Bones,  232. 
Surface  A  ntUomy  of  Cerebral  BemisjJtereSf 

by  D.  J.  Cunningham,  288. 
Symington,  Johnson,  On  Cerebral  Com- 
missures, 69. 

Tbmfobal  Bone,  411. 
Temporo-Maxillary  Joint,  179. 
Teratology,  139,  287,  239,  348,  415,  436^ 

464. 
Testicles  of  Old  Men,  474 ;  of  Dog,  483w 
Thomson,  Arthur,   Report  of  Cbllective 

Investigation  Comnuttee,  183. 
Thyroid  Gland,  Colloid  of,  161. 
Tillie,  Joseph,  Arrow  Poison,  402. 
Transposition  of  Great  Vessels,  464. 
Turner,  Sir  W.,  Phrenic  Nerve,  427. 

Ulna,  Congenital  Absence  of,  239. 
Ulnar  Nerve,  192. 
Urethral  Bidb,  235. 

Vascular  System,  Anomaly  of,  1S9, 
464;  Middle  Sacral  Artery,  184; 
Branches  of  Arch,  189 ;  Ophthalmic 
Artery,  279 ;  Limb  Arteries,  377. 

Whalbs,  Hind  Limb  in,  291. 

Windle,  B.  C.  A.,  Anencephalous  Fcetns, 
348 ;  Report  on  Teratological  litera- 
ture, 415 ;  Malformations  of  Embryo, 
486. 

Woods,  R.  H.,  Vibration  of  Strings,  481. 


PROCEEDINGS  OF  THE 
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AND  IRELAND. 


AUGUST  1892. 


The  Fourth  Quarterly  Meeting  of  the  Session  was  held  on  August  2 
at  Edinburgh,  in  the  Anatomical  Theatre  of  the  New  Buildings  of  the 
University,  the  President,  Sir  William  Turner,  in  the  chair.  Present — 
Thirteen  members  and  visitors. 

The  minutes  of  the  previous  meeting  were  read  and  confirmed. 

The  Secretary  reported  that  the  members  nominated  to  serve  on 
the  Committee  to  consider  the  methods  of  delimitation  of  the  regions 
of  the  abdomen  had  consented  to  act. 

A  letter  was  read  from  the  Executive  of  the  XI.  International 
Medical  Congress,  to  be  held  in  Rome  in  September  1893,  inviting 
the  co-operation  of  the  members  of  the  Society  at  the  Congress. 

The  following  gentlemen  were  nominated  for  election  at  the  next 
meeting : — H.  J.  Waring,  M.B.,  B.S.,  F.RC.S.,  Assistant  Demonstra- 
tor of  Anatomy  at  St  Bartholomew's  Hospital,  London,  proposed 
by  C.  B.  Lockwood,  W.  P.  Herringham,  G.  H.  Makins;  and 
F.  C.  Kempson,  B.A.,  Demonstrator  of  Anatomy  at  St  George's 
Hospital,  proposed  by  T.  Pickering  Pick,  W.  H.  Bennett,  H.  D, 
BoUeston. 


ii  FROCEEDINGS  OF  THE 

ProfesBor  Sir  W.  Tdbneb,  F.R.S.  (President),  exhibited  the  foUov- 
iug  Hpecimena : — 

a.  The  ATitlers  of  a  Roe-deer  referred  to  by  him  at  the  last  meeting 
of  the  Society  in  the  diecuseion  on  Mr  Bland  Sutton's  paper  on  the 
sebaceous  glands  present  iu  the  velvety  covering  of  the  antlers  of 
that  animal. 

b.  Some  splendid  specimens  of  iaiiooed  Skin  from  an  Irish  American, 
mt  29.  He  had  been  operated  on  by  his  brother  when  a  boj  fnan 
four  to  seven  years  of  age,  and  the  process  of  tattooing  had  occupi^ 
nearly  three  years.  The  whole  surface  of  the  skin  except  the  face, 
bands,  soles  of  feet,  and  front  of  pelvis  was  covered  with  moat 
artistically  executed  designs  in  red  and  black,  in  which  several  Irish 
and  American  emblems  were  introduced.  The  man  died  of  phthisis. 
The  specimen  was  presented  to  the  Museum  of  the  TJaiversity-  of 
Edinburgh  by  Dr  J,  BigganL 

c.  A  specimen  showing  eomjilete  iraneposition  of  the  vhceru  of  the 
abdomen  and  thorax,  from  the  body  of  an  old  woman.  The  specimen 
was  presented  to  the  Museum  of  the  University  of  Edinburgh  by 
Dr  Dttlejohn. 

Dr  Symington  showed  a  horizontal  section  through  the  aJtdojnen  of 
a  man  aged  57  pears,  made  at  the  level  of  the  wiibiliats  and  ths  diae 
between  the  ith  and  5th  lumbar  vertebrm.  The  subject  was  very  thiu, 
and  the  anterior  abdominal  wall  was  depressed  so  that  it  came  into 
close  relation  with  the  lower  part  of  the  abdominal  aorta.  The 
interest  of  the  specimen  was  due  to  the  fact  that  the  large  intestinee 
were  divided  at  the  level  of  the  ileo-ctecal  orifice,  which  was  closed  by 
the  distension  of  the  ciecum  with  fsces  and  gas.  As  will  be  seen 
from  the  figure,  the  orifice  was  in  the  form  of  a  nearly  vertical  slit. 


l.D,  Interverttbral  disc  between  the  itli  and  Stii  Inmbir  vertebrte.  C,  Cecmn. 
A,  Anterior  flftp  of  ileo-ccecal  valve.  0,  Foaterior  dap  of  ileo^cscal  valve. 
Pa,  Faoas  muscle.    IL,  Ilaata. 

bounded  by  two  flaps,  anterior  and  posterior.  The  anterior  flap  did 
not  roach  quite  so  far  to  the  right  side  as  the  posterior  one.  The 
latter  lay  against  tbe  posterior  wall  of  the  ctecum.  From  this  case  it 
appears  probable  that  the  passage  of  material  from  the  large  into  the 
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srtiall  intestines  is  prevented  by  the  two  flaps  at  the  ileo-csscal 
orifice  being  pressed  against  one  another,  and  against  the  posterior 
^-all  of  the  large  intestines  by  the  contents  of  the  csecum.  The 
passage  from  the  small  to  the  large  intestines  therefore  presents 
some  resemblance  to  the  oblique  entrance  of  the  ureters  into  the 
bladder,  and  the  valvular  action  is  of  the  same  nature. 

Dr  Symington  also  exhibited  a  Heart  in  which  the  anterior  papillary 
nvuscle  of  the  right  ventricle  presented  an  unusual  arrangement.  The 
muscle,  instead  of  ending  where  it  gave  oflf  its  chordae  tendinese,  was 
continued  upwards  on  to  the  ventricular  surface  of  the  tricuspid  valve, 
and  its  muscular  fibres  could  be  seen  extending  into  the  base  of  the 
valve.  In  this  specimen  there  were  also  several  distinct  bundles  of 
the  columnae  cameae  passing  directly  to  the  ventricular  surface  of  the 
valve  near  its  base. 

Professor  Struthbrs  showed  the  following  preparations  : — 

1.  Two  Knee-Joints  having  a  complete  upturn  in  the  femoro-tihial 
part  of  the  joint. — (a)  In  an '  adolescent  subject.  The  free  anterior 
border  of  the  septum  is  in  the  usual  position  of  the  ligamentum 
niucosum,  passing  to  the  fore  part  of  the  intercondylar  notch  of  the 
femur.  Posteriorly,  the  septum  reaches  to  the  cnicial  ligaments,  over 
•which  the  two  layers  of  synovial  membrane  that  form  the  septum 
spread.  There  is  but  slight  thickening  of  the  anterior  border.  At 
the  middle  of  the  septum,  on  a  level  with  the  lower  part  of  the 
attached  base  of  the  alar  fatty  mass,  the  septum  contains  a  thickened 
bundle  of  tissue,  above  and  below  which  the  septum  is  translucent. 
Measurements  of  septum,  vertically  1  inch,  antero-posteriorly  about 
the  same,  but  the  anterior  third  occupied  by  fat. — (h)  An  adult 
subject.  The  same  arrangement.  There  is  the  same  thickened  bundle 
of  tissue  about  the  middle,  interrupting  the  translucency  of  the 
septum.  Measurements  of  the  septum,  vertically,  J  inch  behind,  1 
inch  in  front;  antero-posteriorly,  IJ  inch ;  no  fat  between  the  layers. 
Both  of  these  were  the  knee-joint  of  the  right  side.  The  left  joints 
were  not  preserved. 

Following  the  existing  nomenclature  of  the  so-called  ligament,  the 
septum  may  be  termed  the  septum  mucosum.  This  variety  may 
be  regarded  simply  as  a  vestige  of  an  early  median  septum  between 
the  two  femoro-tibial  joints,  more  complete  than  that  remaining 
usually  as  the  ligamentum  mucosum.  That  so-called  ligament,  with 
the  so-called  ligamenta  alaria^  as  Mr  Bland  Sutton  remarks,  is  but  a 
vestige  of  the  septum  which  divided  the  knee-jomt  into  three  joints, 
the  two  femoro-tibial  joints  below  and  the  femoro-patellar  joint  above, 
a  condition  persisting  through  life  in  some  mammals.  It  appears 
uncertain  whether  the  broad  expansion  of  the  synovial  membrane 
above  the  patella  should  be  regarded  as  derived  from  the  primitive 
femoro-patellar  sac  or  from  the  primitive  bursa  beneath  the  tendon  of 
the  rectus  muscle. 
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2.  Two  specimens  of  variation  in  the  arrangemeni  of  the  long^esasr 
tendons  in  ^e  sole  of  the  foot,  (a)  One,  of  the  very  rare  condition  ia 
which  the  tendon  of  the  flexor  longus  hallucis  goes  entirely  to  tht 
great  toe.  (b)  The  other,  of  the  condition  in  which,  besides  the  usosl 
tendon  from  th^  flexor  longus  hallucis  to  the  neighbouring  toes,  the 
flexor  longus  digitorum  gives  a  tendon  to  the  great  toe.  The  arrange- 
ment in  the  second  of  these  specimens  corresponds  to  that  seen  amoB^ 
the  Quadrumana,  in  which  the  long  common  flexor  of  the  quadruped 
is  variously  differentiated  into  two  flexors  more  or  less  connected.  In 
the  first  specimen  the  differentiation  is  completed,  as  in  the  normal 
condition  in  the  human  hand.  The  author  referred  to  his  remarks 
'*  On  the  error  of  regarding  the  '  flexor  longus  pollicis '  pedis  musde 
of  Man  as,  normally,  a  flexor  of  the  great  toe  only"  {Edin,  Med.  Joutil, 
1863,  p.  85).  The  present  nomenclature  tended  to  perpetuate  the 
erroneous  idea.  As  the  internal  one  at  the  foot  is  external  at  the 
leg,  the  too  common  muscles  cannot  be  named  internal  and  external 
They  might  be  distinguished  as  "tibialis"  and  '' fibularis,''  or  the 
internal  one  at  the  foot  might  be  termed  "  flexor  longus  hallucis  et 
digitorum." 

3.  Preparation,  showing  the  Left  Vertebral  Artery  arising  from  tie 
arch  of  the  aorta,  and  entering  at  the  foramen  of  the  fifth  cervical 
vertebra.  Length  of  the  artery  before  entering  the  foramen,  6  inches. 
Right  vertebral  artery  arises  normally,  and  enters  normally  at  the 
foramen  of  the  sixth  vertebra.  The  author  referred  to  a  like  case 
noted  in  his  paper  "  On  Variation  of  the  Vertebrae  and  Ribs  in  Man"* 
{Jour,  of  Anat  and  Phys,^  1874,  p.  26,  Case  3),  and  showed  two  pre- 
parations, also  there  noted — one,  in  which  the  right  vertebral  artery 
entered  first  at  the  fourth  vertebra,  the  foramen  in  the  fifth  and  sixUi 
being  well  formed  (Case  4) ;  the  other  (Case  2),  in  which  the  ri^t 
vertebral  artery  arose  last  from  the  arch  of  the  aorta,  passed  behind 
the  oesophagus,  and  entered  the  foramen  of  the  seventh  vertebra. 
Besides  that  case,  and  another  there  noted  (Case  1),  in  which  the  left 
vertebral  arose  from  the  subclavian  nearly  an  inch  earlier  than  usual 
and  entered  at  the  seventh  foramen,  the  author  could  not  in  all  bis 
long  experience  recall  any  other  instance  in  which  he  had  seen  a 
vertebral  artery  enter  the  foramen  of  the  seventh  cervical  vertebra. 
Thus,  although  it  is  quite  common  to  see  the  vertebral  artery  arising 
lower  than  usual,  that  of  the  left  side  homologically  from  the  arch  of 
the  aorta,  it  is,  notwithstanding,  very  rare  to  see  it  enter  at  the 
foramen  of  the  seventh  vertebra. 

4.  Series  of  Preparations,  showing  Varieties  of  the  Branches  of  the 
Abdominal  Aorta. 

(a)  Two  specimens  of  very  large  anastomosis  between  the  paa- 
creatico-duodenal  branch  of  the  hepatic  artery  and  the  pancreatic 
branch  of  the  superior  mesenteric.  In  one,  the  anastomosing  arteries 
form  a  large  tortuous  vessel,  about  8  inches  in  length,  nearly  the  siie 
of  a  goose-quill,  the  hepatic  end  of  the  circle  the  larger.  In  the  other 
specimen  the  anastomosing  vessel  is  about  a  third  less  in  diameter, 
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about  6  inches  in  length,  the  hepatic  end  of  the  circle  also  the  larger. 
With  the  aorta  and  roots  of  the  coeliac  axis  and  superior  mesenteric,  a 
circle  is  formed  in  both  specimens  through  which  the  closed  hand  could 
be  passed. 

(6)  Preparation,  from  a  large  male  subject,  showing  several  varieties 
— (1)  the  hepatic  artery  arose  entirely  from  the  superior  mesenteric ; 
(2)  a  long  tortuous  splenic  artery ^  about  9  inches  in  length  before  it 
divides ;  (3)  the  coronary  artery  arises  from  the  splenic  about  half  an 
inch  after  the  origin  of  the  latter  from  the  aorta,  their  common  trunk 
representing  the  coeliac  axis. 

(c)  Preparation,  showing  several  varieties — (1)  the  coronary  artery 
arises  directly  from  the  aorta,  f  inch  above  the  coeliac  axis ;  (2)  the 
superior  mesenteric  arises  entirely  from  the  coeliac  axis ;  (3)  the  left 
spermatic  artery  arises  from  the  renal,  f  inch  out ;  the  left  renal  arises 
^  inch  further  down  than  the  right. 

(d)  Preparation,  showing  several  varieties — (1)  t too  hepatic  arteries, 
of  about  equal  size ;  one  arises  from  the  superior  mesenteric,  the  other 
from  the  coeliac  axis;  (2)  the  latter,  after  a  course  of  1 J  inches,  gives 
off  the  coronary  artery  ;  (3)  the  gastrodtiodenal  arises  from  the  coeliac 
axis,  at  the  point  of  breaking  up  of  the  axis ;  (4)  entire  absence  of 
the  left  renal  artery  ;  there  was  no  left  kidney. 

(e)  Variety  in  the  mode  of  branching  of  the  87iperior  mesenteric 
artery.  The  earlier  branches  to  the  small  intestine  are  large,  and 
form  wide  primary  arches,  resembling  the  primary  arches  formed  by 
its  branches  to  the  large  intestine.  There  is  an  interval  of  1|  inches 
between  the  origin  of  the  4th  and  5th  branch  to  the  small  intestine, 
and  after  the  origin  of  the  4th  branch  the  trunk  of  the  mesenteric  is 
not  larger  than  any  of  the  three  preceding  branches  to  the  small 
intestine.  After  the  5th,  seven  small  branches  are  given  to  the 
small  intestine. 

(/)  Variety  of  the  renal  arteries.  The  preparation  shows,  on  the 
left  side,  two  renal  arteries  arising  close  together,  the  lower  about 
half  the  size  of  the  upper,  both  entering  the  kidney  by  the  hilum. 
On  the  right  side,  opposite  to  those  of  the  left  side,  also  two  renal 
arteries,  arising  quite  close  together,  of  nearly  equal  size,  one  of  them 
dividing  unequally  after  a  course  of  J  inch.  A  third  right  renal 
artery,  of  the  same  size  as  each  of  the  two  upper,  arises  3  inches  further 
down  at  about  f  inch  from  the  bifurcation  of  the  aorta,  parses  up 
behind  the  ureter  and  enters  the  kidney  below  the  hilum.  Along 
with  this  the  author  showed  one  of  the  two  specimens  already  noted 
by  him  (Edin,  Med.  Joum,,  1863,  p.  759),  in  which  a  renal  artery 
arose  from  the  middle  sacral.  In  the  preparation  now  shown,  each 
kidney  has  a  supplementary  artery,  the  right  arising  from  the  middle 
sacral,  the  left  from  the  commencement  of  the  common  iliac,  both 
passing  to  the  lower  part  of  their  kidney  behind  the  ureter.  Three 
to  four  inches  further  up  there  are — for  the  left  kidney,  two 
arteries  of  unequal  size,  and  close  together;  for  the  right  kidney, 
one  artery  arising  ^  inch  lower  down  than  the  two  for  the  left 
kidney. 
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(g)  The  arteries  in  two  pi'eparaiions  of  horaeskoe  kidney. — (1)  la 
one  there  are  two  arteries  for  each  lateral  lobe,  and  a  median  aitetj 
for  the  isthmus  part.  The  isthmus  is  formed  simply  by  the  running 
together  of  the  lateral  lobes,  giving  the  figure  V,  and  is  the  thickest 
pail;  of  the  kidney.  The  median  artery  arises  near  the  isthmus^  and 
enters  it  in  front.  The  arteries  for  the  right  lateral  lobe  arise  tvo 
inches  higher,  close  together,  the  upper  one  small.  Of  those  for  the 
left  lateral  lobe,  one  arises  on  the  same  level  aa  those  for  the  right 
kidney ;  the  other,  larger,  arises  an  inch  further  down.  (2)  In  thli 
specimen  the  isthmus  is  nan*ow  and  long.  The  arteries,  inoompletdy 
preserved,  have  been  somewhat  as  in  the  last  case,  two  for  each 
lateral  lobe,  arising  high  up  and  close  together,  on  nearly  the  same 
level  on  the  two  sides ;  and  an  artery  is  seen  to  enter  the  isthmus  on 
the  right  side.  The  ureters,  as  usual,  pass  down  in  front  of  the 
isthmus  in  both  the  specimens. 

5.  Three  specimens  of  Double  Ureter, — (1)  In  one,  the  ureter  is 
double  in  its  upper  third  only.  The  arteries  at  the  hilum  lie  mostly 
between  the  two  ureters.  (2)  In  the  second,  the  ureters,  of  about 
equal  diameter,  are  distinct  until  they  are  about  to  pierce  the  bladder, 
when  they  become  united.  At  the  hilum,  the  arteries  are  partly 
between  the  two  ureters,  partly  in  front  of  the  anterior  ureter. 
(3)  In  the  third  specimen,  the  ureters  of  both  sides  are  preserved 
and  fully  injected.  The  right  ureter  is  normal.  On  the  left  side 
there  are  two  ureters,  of  about  equal  diameter,  distiuct  throughout, 
entering  the  bladder  by  distinct  apertures,  close  together.  Each 
kidney  has  one  artery,  the  left  renal  arising  a  little  lower  than  the 
right,  and  larger  than  the  right,  as  the  left  kidney  also  is.  The 
divisions  of  the  left  artery  enter  the  kidney  partly  in  front,  partly 
behind  both  ureters  or  pelves.  On  the  right  side  the  arteries  enter 
partly  behind  the  pelvis.  In  this  specimen  all  of  the  three  ureters 
show  the  decided  dilatation  on  their  last  two  to  three  inches,  till  dose 
to  the  bladder. 

6.  Transposition  of  tlie  Common  Iliac  Veins  and  Vena  Cava  Ifh 
ferior. — In  this  specimen  the  common  iliac  veins  cross  behind  the  left 
common  iliac  artery ;  the  vena  cava  lies  to  the  left  side  qf  the  aorta, 
and  crosses  obliquely  in  front  of  the  aorta,  below  the  root  of  the 
superior  mesenteric  artery,  to  gain  the  right  side. 

7.  Communications  between  the  Vena  Portce  and  the  Vena  Cava  in 
the  Horse, — In  regard  to  this  disputed  question,  Chauveau  (Comp. 
Anat,  oftlte  Domesticated  Anim^als,  2ud  English  ed.,  1891)  adheres  to 
the  opinion  that  the  two  systems  do  not  communicate  in  the  adult 
otherwise  than  by  the  capillaries ;  and  that  if  any  other  communi- 
cations exist)  they  must  be  extremely  small.  In  this  preparation, 
from  an  adult  horse,  the  trunks  of  the  vena  portse  and  posterior  vena 
cava  are  seen  to  communicate  directly  by  a  transverse  commissural 
vein,  an  inch  in  length  and  |^  to  ^  inch  in  diameter,  and  by  four 
antero-posterior  veins,  as  large  as  a  crow-quill,  two  from  that  com- 
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missural  vein,  two  directly  from  the  trunk  of  the  vena  portaB,  to  join 
a  large  tributary  of  the  vena  caya.  The  preparation  was  mode  for  the 
author  by  the  late  Professor  Barlow  of  the  Edinburgh  Veterinary 
School,  a  careful  and  thoughtful  anatomist,  and  is  submitted  to  the 
Society  with  the  view  of  suggesting  further  research. 

Professor  A.  M,  Buchanan  showed  the  Kidneys,  exhibiting  well- 
marked  lobulation,  from  a  hecdthy  woman  aged  26.  The  kidneys 
were  shown  not  as  coming  under  Meckel's  statement,  "that  the 
lobulated  structure  has  been  sometimes  carried  so  far  as  the  point  of 
giving  a  resemblance  to  several  separate  kidneys,"  but  as  apparently 
an  advance  on  Henle's  statement  that  "  exceptionally  the  kidney  is 
traversed  by  shallow  furrows,  which  indicate  a  division  into  lobes 
which  existed  in  an  earlier  stage  of  development  It  is  in  the  adult 
still  betrayed  by  the  internal  structure  of  the  organ." 

The  following  note  of  the  weights  and  measurements  was 
appended : — • 

Eight  Kidney.  Left  Kidney. 

Weight,  4  oz.  1  drm.  Weight,  3  oz.  6  drms.  49  grs. 

Difference,  1  drm.  11  grs. 

Length,       .         .         ,         5|  inches. 
Breath  at  upper  end, ,         2|     „ 
„  lower  end,  .         2       „ 
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There  was  nothing  abnormal  as  to  the  renal  vessels.  The  adrenals 
were  not  noted. 

The  sulci  which  the  kidneys  present  have  in  certain  instances  been 
rendered  deeper  than  they  actually  were  owing  to  the  renal  tissue 
having  been  somewhat  torn  on  removing  the  capsule.  This  was  done 
with  great  care  under  a  gentle  stream  of  water,  but  where  the  tearing 
took  place  the  sulci  were  occupied  by  fat,  and  the  capsule  was 
unusually  adherent. 

Professor  A,  M.  Buchanan  also  exhibited  a  specimen  of  the  Glass 
Bottles  he  employs  for  the  preservation  of  Preparations.     The  stopper 
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is  ground,  and  consequently  air-tight;  it  is  provided  with  a  gks 
hook  on  the  under  surface,  which  affordjs  a  simple  mode  of  suspensxoD. 
Specimens  can  easily,  if  necessary,  be  extracted  from  it^  and  the  glaai 
stopper  may  be  made  removable,  if  fixed,  by  placing  a  cloth  wrusg 
out  in  hot  water  around  the  neck. 

Professor  Cleland,  F.RS.,  communicated  A  Cantribuium  to  the 
Comparative  Anaiomy  of  the  AnMe-Joint, 

Dr  Cleland  pointed  out  in  the  hind  limb  of  the  Vulpine  Phalanger 
the  presence  at  the  ankle  of  a  tibial  and  fibular  joint  distinct  one 
from  the  other ;  the  tibial  joint  articulating  with  the  upper  surface  of 
the  astragalus,  and  continuous  with  the  astragalo-calcaneal  joint  at 
its  posterior  and  outer  part,  while  the  fibula  was  separated  from  this 
joint  by  a  strong  fibrous  structure,  which,  followed  downwards,  was 
inserted  into  the  outer  side  of  the  calcaneum,  and  might  correspond 
with  the  middle  band  of  the  external  lateral  ligament  of  the  ankle- 
joint  in  Man.     Followed  upwards,  it  was  continued   between  tibia 
and  fibula  into  a  deep  muscle  belonging  to  the  back  of  the  1^,  and 
whose  fibres  for  the  most  part  took  a  downward  and  inward  direction 
from  the  fibula.     Serial  correspondence  of  this  muscle    with  the 
pronator  quadratus  of  human  anatomy,  and  of  the  tendon  between 
the  joints  with  the  triangular  fibro-plate  below  the  ulna,  seemed  pos- 
sible.    He  showed  the  presence  of  a  similar  arrangement  in  Phasoo- 
gale.     Also,  he  demonstrated  that  in  Omithorhynchus  the  fibula  was 
completely  cut  off  from  the  astragalo- tibial  articulation  by  a  double 
fold  of  synovial  membrane,  and  that  a  similar  fold  from   behind 
existed  in  Echidna,  but  did  not  reach  forward  to  the  front.     Dr 
Cleland  regarded  his  communication  as  a  preliminary  notice  of  a 
larger  investigation. 

Professor  Birminqham  exhibited  a  Specimen  of  Spina  Bifida  of  the 
Cervical  V&rtehrcB^  which  was  associated  with  an  enormous  enlarge- 
ment of  the  foramen  magnum,  a  cleft  palate,  and  a  para-occipital 
process,  which  projected  downwards  from  the  jugular  process  of  the 
occipital,  and  articulated  movably  with  the  front  of  the  transverse 
process  of  the  atlas.  A  median  suture  existed,  traversing  the  tabular 
portion  of  the  occipital  bone  sagittally.  The  foramen  magnum 
measured  nearly  3  inches  in  the  antero-posterior  diameter.  The 
enlargement  was  due  entirely  to  a  deficiency  of  the  portion  of  the 
occipital  bone  which  lies  on  the  postero-lateral  and  posterior  aspect  of 
the  foramen  magnum,  namely,  its  supra-occipital  segment  Professor 
Birmingham  was  of  opinion  that  the  condition  of  the  foramen  magnum 
might  be  explained  as  an  extension  of  the  spina  bifida  (which  was 
most  complete  above)  to  the  first  modified  vertebra  of  the  skull ;  and 
it  might  be  considered  9s  a  bit  of  evidence  in  favour  of  the  vertebrate 
theory  of  the  skulL 

Dr  MusoROVB  gave  a  lantern  demonstration  of  the  arrangement  of 
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the  blood-vessels  and  lymphaiics  of  the  retina  (see  paper  in  the  Jour. 
o/Anat.  and  Fhys.,  vol.  xxvi.  p.  239). 

Dr  David  HEPBtJRN  gave  a  microscopic  demonstration  of  sections, 
illustrating  the  devdopmeTd  of  diarthrodial  joints. 

Professor  Birmingham  read  a  paper  on  a  specimen  of  Extreme 
Anomaly  of  the  Hearty  mth  history,  which  will  be  found  in  extenso  in 
the  present  number  of  the  Journal  of  Anatomy  and  Physiology ,  p.  139. 

Dr  MirsGROVE  read  a  paper  On  the  Costo-Stemdl  Articulations, 
which  will  be  found  in  extenso  in  the  present  number  of  the  Journal 
of  AnaJtomy  and  Physiology,  p.  1. 

Professor  Struthers  asked  whether  Dr  Musgrove  had  noted  any 
special  characteristics  dependent  on  the  sex  and  age  of  the  subjects 
examined,  and  Dr  Musgrove  said  that  sex  and  age  had  apparently  no 
influence  on  the  number  of  perfect  joints  existent. 

Professor  A.  M.  Buchanan  communicated  a  paper  on  The  Use  of 
Peroxide  of  Hydrogen  for  Cleaning  Bones, 

Peroxide  of  hydrogen  (HgOj),  which  was  discovered  in  the  year 
1818  by  Thenard,  is  a  colourless,  perfectly  transparent  liquid,  having 
a  strong  bitter  taste.  It  occurs  sometimes  in  the  atmosphere,  in  rain, 
in  dew,  and  in  snow. 

The  commercial  kind  is  liable  to  contain,  amongst  other  acids, 
hydrochloric  acid.  Its  eflfect  upon  the  skin  is  to  whiten  it.  It  may 
even  produce  a  blister,  accompanied  by  itching.  It  is  a  remarkable 
oxidising  agent,  and  is  particularly  valuable  for  bleaching  ostrich 
feathers,  hair,  ivory,  silk,  wool,  teeth,  &c.  It  is  also  antiseptic  and 
disinfectant. 

When  a  bone  is  placed  in  this  liquid,  what  appears  to  be  efferves- 
cence takes  place.  The  bone  soon  becomes  covered  with  bubbles  of 
oxygen,  and  subsequently  a  film  gathers  upon  the  surface.  It  is 
advisable  to  remove  this  film  carefully  with  a  knife,  because  it  is  of  a 
greasy  nature;  and  after  its  removal  the  peroxide  of  hydrogen  is 
allowed  to  take  a  grip  of  the  bona  The  bone  being  now  replaced  in 
the  liquid,  is  allowed  to  remain  until  the  requisite  degree  of  white- 
ness is  attained.  In  some  cases,  a  few  days  will  suffice  (as  in  young 
bones) ;  in  other  cases,  three  or  four  weeks  may  be  required.  Its 
ultimate  effect  is  to  render  the  bones  perfectly  free  from  smell,  and  of 
a  pleasing  white  colour.  It  does  not  eat  into  the  bone  in  the  way 
that  chloride  of  lime  does.  The  liquid  should  never  be  raised  to  the 
boiling-point  of  water,  becauses  it  then  decomposes,  with  explosive 
violence,  into  oxygen  and  water.  Young  bones  prepared  in  this  way 
make  beautiful  preparations  when  subsequently  mounted  in  a  weak 
mixture  of  methylated  spirits  and  water. 

The  cost  of  peroxide  of  hydrogen  varies  at  different  periods  of  the 
year.     I  have  found  it  to  be  dearest  about  the  pantomime  season, 
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when  it  is  largely  used  by  theatricals  for  whitening  their  hair.  It 
then  costs  7s.  6d.  per  gallon.     At  present  the  cost  is  5&.  6d. 

When  the  bones  are  very  greasy,  the  addition  of  a  little  dilute 
ammonia  to  the  peroxide  of  hydrogen  favours  the  cleaning  pn>ces& 

In  illustration  of  the  effects  of  this  agent,  I  show  the  following 
specimens : — (1)  mounted  young  radius ;  (2)  interesting  specimens  of 
ossifying  sternum;  (3)  a  dried  young  humerus  and  ulna,  in  a  gles 
jar ;  (4)  lower  end  of  adult  fibula ;  (5)  lumbar  vertebra  of  hare. 
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The  Sixth  Annual  General  Meeting  was  held  on  Monday,  November 
2l8t,  in  the  Court-Room  of  Guys  Hospital.  Present — Sir  W.  Turnbr, 
F.R.S.,  in  the  chair,  and  forty-three  members  and  visitors. 

The  minutes  of  the  previous  meeting  were  read  and  confirmed. 
The  following  gentlemen  were  elected  officers  for  the  ensuing  year : — 
President — Sir  W.  Turner,  F.R.S.  Vice-Presidents — John  Cumow, 
M.D.;  Alexander  Macalister,  F.R.S.;  H.  St  John  Brooks.  Treasurer 
— G.  B.  Howes.     Secretaries — Ambrose  Birmingham,  M.D.  (Ireland) ; 

A.  M.  Paterson  (Scotland) ;  George  Henry  Makins  (England).  Council 
— Wm.  Anderson ;  Stanley  Boyd ;  D.  J.  Cunningham,  F.R.S. ;  John 
Cleland,  F.RS. ;  L.  A.  Dunn,  M.B. ;  Percy  Flemming ;  Wardrop  Grif- 
fith, M.D. ;  W.  P.  Herringham,  M.D. ;  Alexander  Hill,  M.D. ;  Robert 
Howden,  M.B. ;  C.  R  Lockwood ;  R  Clement  Lucas,  MS. ;  T.  H. 
Openshaw,  M.B.,  M.S. ;  R  W.  Reid,  M.D.;  Arthur  Robinson,  M.D.; 
H.  D.  Rolleston,  MD. ;  J.  Bland  Sutton ;  Johnson  Symington,  M.D. ; 
Arthur  Thomson,  M.B. ;  Bertram  Windle. 

Messrs  H.  J.  Wamng,  M.B,,  B.S.,  F.RC.S.,  and  F.  C.  Kbmpson, 

B.  A,  were  elected  Members  of  the  Society. 

The  following  gentlemen  were  nominated  for  election  at  the  next 
meeting : — James  Musgrove,  M.D.,  Demonstrator  of  Anatomy,  Uni- 
versity of  Edinburgh,  proposed  by  Sir  W.  Turner,  F.R.S.,  W, 
Anderson,  G.  H.  Makins ;  G.  F.  Blacker,  MB.,  B.S.,  F.RC.S.,  Demon- 
strator of  Anatomy,  University  College,  London,  proposed  by  G.  D. 
Thane,  Percy  Flemming,  T.  W.  P.  Lawrence ;  K  Barclay  Smith,  MB., 
proposed  by  A.  Macalister,  F.RS.,  W.  Andersoui  G.  H.  Makins ;  A. 
F.  Dixon,  B.A,  Demonstrator  of  Anatomy,  University  of  Dublin, 
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proposed  by  D.  J.  Cunningham,  F.R.S.,  H.  St  John  Brooks,  G.  BL 
Makins ;  H.  W.  Lewis,  M.R.C.S.,  L.B.C.P.,  Honse-Sui^aon,  W^est- 
minster  Hospital,  proposed  by  P.  Macleod  Yearsley,  H.  C.  De  Renzi, 
G.  H.  Makins ;  A.  Keith,  M.B.,  proposed  by  G.  D.  Thane,  Percr 
Flemming,  T.  W.  P.  Lawrence ;  J.  H.  Targett,  M.S.,  F.R.C.S.,  Patho- 
logical Curator,  Himterian  Museum,  proposed  by  C.  Stewart^  R 
Clement  Lucas,  G.  H.  Makins. 

The  Treasurer's  Report,  showing  a  balance  of  X43,  Os.  9d.  in  faToor 
of  the  Society,  was  adopted. 

The  Treasurer,  in  presenting  his  Annual  Report,  made  the  follow- 
ing remarks  thereon.     The  actual  sum  received  in  subscriptions  for 
the  current  year  was  £24,  against  an  expenditure  of  £54,  there  being 
a  considerable  number  of  subscriptions  yet  to  come  in.     The  increased 
expenditure  for  the  year  was  chiefly  incurred  in  the  better  illustra- 
tion of  published  papers,  rendered  possible  by  the  recovery  of  sub- 
scriptions in  arrear.    Allowing  for  doubtful  cases,  the  roll  yielded  a  list 
of  110-115  reliable  members,  whose  annual  subscriptions  promised  as 
income  of  say  £60.     Adding  this  to  the  £43  in  hand,  he  estimated 
the  total  income  for  the  current  year  at  £103.     Of  this  sum,  £40 
would  be  required  for  the  preparation  of  the  manuscript  index  to  the 
first  twenty  volumes  of  the  Journal  of  Anatomy  and  Physiologf 
which  the  Society  had  sanctioned,  and  which  was  now  in  an  advanced 
stage  towards  completion  for  publication,  leaving  an  available  balaaee 
of  £60,  as  opposed  to  an  estimated  ordinary  expenditure  of  from  £50 
to  £55.     Assuming  the  non-diminution  of  members  in  the  future, 
and  the  progressive  recovery  of  subscriptions  in  arrear,  the  Society 
ought  to  be  able  to  amply  illustrate  its  forthcoming  publications, 
and,  he  hoped,  to  accumidate  a  small  amount  for  disposal  as  might 
be  Uiought  best.    The  preparation  of  farther  indices  to  each  of  the 
volumes  of  the  Journal  of  Anatomy  and  Physiology,   subject  to 
arrangement  with  its  editors,  had  been  already  suggested  as  a  possible 
undertaking. 

Dr  CuRNOW  showed  a  Divided  left  Parietal  Bone  with  a  well-marked 
horizontal  suture  running  from  before  backwards  throughout  its  whole 
extent.  The  suture  was  dentated,  and  corresponded  very  nearly  to 
the  upper  line  of  the  temporal  ridge.  The  various  vertical  measure- 
ments of  the  bone  at  the  anterior  and  posterior  edges,  and  at  two 
intermediate  points,  were  from  before  backwards,  5^,  5^,  5,  and  4^ 
inches  from  the  extremity  of  the  temporo-sphenoidal  and  parietal 
suture  to  the  interparietal  suture  at  equidistant  parts  of  the  bone, 
and  the  unusual  suture  was  2^,  2,  2j^,  and  2^  inches  from  its  extreme 
lower  edge.  A  wormian  bone  at  the  apex  of  the  parieto-oocipital 
fissure  measured  1^  inches  in  breadth  by  f  of  an  inch  in  length.  The 
other  parietal  bone  showed  no  unusual  variation.  The  two  parietal 
bones  and  the  occipital  evidently  belonged  to  the  same  skull,  but  no 
other  bones  could  be  obtained,  as  they  were  found  in  a  casual  collection. 
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Mr  J.  Bland  Sdttom  exhibited  a  £wiimeittari/  Si^aemumerary 
PoUex.  A  boy  eeveu  years  old  came  under  my  notice  with  a  email 
congeoital  prominenoe  near  the  base  of  the  metacarpal  bone  of  the 
right  poUex.  It  was  about  2  cm.  high,  conical,  and  surmounted  by  a 
small  nail.  It  was  clear  that  this  represented  a  suppressed  super- 
numerary digit.  The  true  pollez  resembled  a  finger  rather  than  a 
thumb,  see  figure  1.     On  removing  the  accessory  thumb,  I  found  it 

NaiL 


connected  to  the  cartilage  at  the  base  of  the  first  metacarpal ;  it  also 
had  a  facet  by  which  it  articulated  with  the  trapezium.  On  section 
this  digit  contained  a  conical  piece  of  bone,  with  a  broad  basal 
epiphysial  cartilage,  whilst  its  summit  was  in  relation  with  a  naiL 

The  specimen  is  interesting,  as  it  serves  to  show  the  uselessness  of 
speculations  regarding  the  supposed  missing  segment  of  the  pollex, 
for  in  this  case  we  have  a  aupemumemry  digit  consisting  of  only  one 
segment^  which  from  its  position,  and  especially  ite  relation  to  the 
trapezium,  must  be  r^:arded  as  a  metacarpal,  whilst  its  basal  epiphysis 
and  the  terminal  nail  give  it  the  chataoters  of  an  ungual  pha^nx. 

Professor  HoWBS  said  this  observation  of  Mr  Sutton's  was  interest- 
ing, as  a  similar  hone  was  found  in  a  small  flattened  claw  projecting 
from  the  inner  side  of  the  hallux  in  the  tree  porcupines. 

Hr  F.  O.  Pabsonb  exhibited  a  specimen  of  an  Abmrmal  Hib  in 
EyiMx  cristaia.  The  sb^  of  the  last  rib  on  both  sides  was  con- 
verted into  a  fibrous  band,  the  head  and  cartilage  at  the  extremity 
remaining  normal.  The  bones  were  rickety,  but  several  pathologists 
whose  opinion  had  been  taken  agreed  that  rickets  could  not  have 
produced  this  conversion  of  bone  into  fibrous  tissue.  The  skeleton 
of  another  porcupine  suffering  from  rickets  was  shown,  in  which  the 
last  rib  presented  the  same  change  as  the  ones  in  fhmt  of  it     As 
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Hystrix  erigtata  has  fifteen  riba,  and,  like  other  animalB  with  a  laige 
number,  is  sometimeB  found  with  a  rib  short  of  its  full  oomplement; 
Mr  Parsons  thought  that  this  specimen  might  show  a  stage  in  the 
process  of  losing  a  rib. 

Mr  T.  W.  P.  Lawrrnoi  exhibited  three  Human  FcbsUmI  Mcmtten. 
The  first  is  a  double  monster,  presenting  an  incomplete  division  of 
the  cranio-vertebral  axis  by  posterior  dichotomy  {duplicitas  posterior). 
The  partially  separated  individuals  have  undergone  equal  develop- 
ment ;  they  are  both  males  (fig.  2).    The  monster  has  a  single  fiBbce,  but 


Fig.  2. 

the  back  part  of  the  head  shows  a  commencing  division,  so  that  in  addi- 
tion to  the  right  and  left  ears  corresponding  to  the  fece  when  looked 
at  from  the  front,  an  additional  pair  of  ears,  partly  fused  together,  is 
present  in  the  middle  line  bahind.  There  is  a  single  short,  thick  neck, 
the  chin  is  very  undeveloped  and  nearly  on  a  level  with  the  upper 
part  of  the  thorax,  and  the  structures  lying  in  the  anterior  part  of 
the  neck  have  undergone  much  compression.  The  thoracic  cavity  is 
single,  but  composed  of  the  parietes  of  two  thoraces  placed  ventnUj 
towards  each  odier,  and  opened  out  along  the  median  line  of  their 
sterna.  There  are  four  distinct  upper  limbs,  each  individual  having 
one  arm  attached  anteriorly  and  one  posteriorly.  The  abdominal 
cavity  is  single  as  far  down  as  the  umbilical  cord  (which  is  single), 
but  below  that  the  cavity  bifurcates  in  correspondence  with  the  com- 
plete separation  of  the  individuals  below  the  level  of  the  umbil- 
icus.     There  are  four  well-developed  lower  limbs.      The  thoracic 
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organs  are  doubled  (with  the  exceptiou  of  the  (esophagus),  there 
being  an  anterior  heart  with  apex  to  the  left,  and  a  posterior 
w^ith  apex  to  the  right,  and  two  pairs  of  lungs,  both  very  small 
and  undeveloped.  The  Htomacli  is  single  and  semilunar  in  shape,  the 
conoave  border  being  upwards,  and  receiving  in  its  middle  the  undi- 
vided (BSophaguB,  the  horns  of  the  crescent  corresponding  to  a  right 
and  a  left  fundus,  and  an  undivided  duodenum  passing  off  from  the 
middle  of  the  convex  border.  The  small  intestine  is  single  as  far  as 
the  point  of  attachment  of  a  small  Meckel's  diverticulum,  below 
which  the  bowel  bifurcates  in  correspondence  with  the  bifurcation 
of  the  lower  port  of  the  trunk.  There  are  two  livers  and  two  spleens. 
Tbe  vertebral  column  is  doubled  throughout  it«  length,  so  that  the 
internal  base  of  the  common  cranial  cavity  presents  two  occipital 
foasfe  and  two  foramina  magna,  from  which  two  basilar  grooves  pass 
forward  each  to  a  oorreeponding  dorsum  selln.  Beyond  this  point 
the  cranial  base  is  undivided,  the  pituitary  and  anterior  fossa  being 
single.  The  brain  has  not  been  preserved.  The  deformity  is  ren- 
dered intelligible  upon  the  supposition  that  tbe  epibtastic  axis  of 
the  medullary  groove  of  the  em^Hyonio  area  has  undergone  division 
from  behind  forwards  as  far  as  the  anterior  extremity  of  the  notoohord, 


remaining  single  anterior  to  that  point.  Upon  closure  of  the 
medullary  laminie,  there  will  thus  have  been  formed  a  simple  anterior 
portion  of  cranial  cavity,  a  compound  posterior  portion,  and  two 
distinct  and  separate  spinal  canEils.  Further,  as  the  epiblast  at  the 
two  caudal  poles  of  the  embryo  became  folded  round  for  the  formation 
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of  the  intestinal  tube,  in  consequence  of  this  folding  taking  pboe 
round  two  axes,  the  intermediate  part  of  the  subjacent  hypoblast  faai 
been  divided  as  far  forwards  as  the  process  of  folding  has  extended, 
viz.,  to  the  insertion  of  the  vitelline  duct.  Anterior  to  this  point  the 
intestine  is  single ;  but  the  two  axes  (ab.  cd.  fig.  3)  of  the  embrj» 
have  exercised  their  own  proper  and  distinct  formative  influenoe  oa 
this  part  of  the  alimentary  tract,  so  that  a  bilaterally  synunetzical 
arrangement  has  resulted,  and  while  those  parts  which  are  already 
median  and  symmetrical  («.^.,  the  small  bowel  and  oesophagus)  appear 
to  be  unmodified,  those  which  are  asymmetrical  and  more  or  lesi 
laterally  placed  (e.^.,  the  fundus  of  the  stomach,  the  liver  and  d» 
lungs)  have  been  brought  into  symmetry  by  duplication.  . 

The  second  monster  (a  femide  of  about  the  sixth  month)  is  aa 
example  of  ctgnathia,  with  the  same  external  appearance  as  the  case 
figured   in   Forster's    Die  MisebUdungen  des  Menschen,    Taf.    xiii 
The  lower  part  of  the  face  formed  by  the  prominence  of  the  chin  and 
the  base  of  the  jaw  is  absent,  the  buccal  cavity  being  closed  in  belov 
by  a  smooth  Bur£u)e  of  skin  continuous  with  the  dbeeka,  and  lying 
close  up  against  the  hard  palate.    The  mouth  is  a  vertical  aHt  one- 
fourth  of  an  inch  in  length,  bounded  almost  entirely  by  the  foldmg 
round  of  the  upper  lip.     Owing  to  the  defective  development  of  the 
lower  jaw,  the  lower  part  of  the  ears  have  fieJlen  towards  each  other  id 
the  middle  line,  so  that  there  is  not  more  than  an  inch  between  the 
external  meatuses  (aynotia).     Water  can  be  injected  through  the 
meatus  into  the  buccal  cavity,  showing  that  the  membranous  septum 
which,  as  it  is  now  thought,  closes  the  first  visceral  cleft,  is  absent  in 
this  case.     A  slight  groove  between  the  meatuses  runs  across  the 
front  of  the  neck  in  the  apex  of  the  retiring  angle  formed  by  the 
anterior  surface  of  the  neck  and  what  would  normally  be  the  under 
surface  of  the  chin ;  this  angle  is  higher  up  in  the  neck  than  usoal, 
and  its  apex  marks  the  position  of  a  small  bony  arch  lying  deeply 
against  the  cervical  vertebrae.     This  represents  the  lower  jaw ;  its  { 
thickness  is  about  2  millimetres,  its  length  about  12  mm.,  and  it  is 
arched  with  the  convexity  forwards.     Behind  it  is  the  alimentazr 
tube,  stenosed,  but  not  obliterated ;  and  lying  attached  to  the  intericr 
wall  of  the  tube  below  the  inferior  maxilla  is  the  tongue,  with  its 
long  axis  vertical,  and  its  tip  a  quarter  of  an  inch  below  the  h(Xf. 
Below  the  tongue,  and  rather  more  than  an  inch  below  the  inferiof 
maxilla,  is  a  fairly  well-developed  hyoid  bone.     The  soft  palate  and 
uvula  are  cleft,  the  hard  palate  is  complete.     In  addition  to  thesei 
deformities,  the  foetus  presents  complete  transposition  of  the  thoracis 
and  abdominal  viscera ;  a  duct  of  Cuvier  is  present  on  each  sidei 
through  persistence  of  the    proximal  parts  of  the  left  primitive 
jugular  and  cardinal  veins ;  and  the  apex  of  the  heart  is  slightlj 
bifid. 

The  condition  present  is,  therefore,  an  arrested  development  of  tha 
first  visceral  arch  of  the  embryo.  This  may  be  described  as  due  ti 
partial  agenesia ;  but  the  association  of  transposition  of  viscera,  witk 
the  agnathous  condition,  suggests  another  explanation.  The  foiTDer 
abnormality  is  admitted  to  arise  through  duplication  of  the  embiyo; 
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ci  if  such  a  case  as  the  double  monster  before  described  be  con- 
Lered,  it  will  be  evident  that^  supposing  the  posterior  dichotomy 

l>e  more  complete  than  in  that  case,  the  final  point  of  adhesion  of  the 
i-fcuses  will  be  in  the  region  of  the  upper  or  anterior  part  of  the 
regut.  If  at  the  same  time  the  two  embryos  develop  equally, 
ere  wiU  be  much  compression  of  the  parts  in  this  region  (as  in  the 
rt  described  specimen),  and  the  development  of  the  chin  and  parts 
out  it  may  be  permanently  retarded.  Upon  this  view  an  agnaUious 
>inis  may  be  regarded  as  sometimes  due  to  a  posterior  dichotomy, 
:iich  has  ultimately  become  a  complete  separation,  and  in  which 
e  two  fcetuses  have  developed  equally  during  a  considerable  part  of 
bra-utorine  life. 

The  third  specimen  presented  typical  abnormal  fissures  about  the 
3e  and  palate,  due  to  amniotic  adhesions. 
^  short  discussion  took  place,  in  which  Professor  Thanb  concurred 

-the  view  that  the  first  and  second  branchial  clefts  were  open  at 
cue  period  of  development. 

Mr  Bland  Sutton  said  the  clefts  were  certainly  open  at  some 
ixiod,  and  stated  that  he  had  seen  milk  swallowed  by  an  infant 
cape  by  a  branchial  fistula  in  the  neck. 

Mr  Stanley  Boyd  quoted  the  following  observation  of  Professor 
ueter  -} — "  The  fistula  may  end  blindly  at  its  inner  extremity  or 
ay  open  into  the  pharynx,  as  may  be  shown  by  escape  of  coloured 
lids  swallowed,  and  by  the  discharge  of  mucus  when  phaiyngitis 
icurs.  In  a  young  fellow  who  wished  to  become  a  trumpeter,  I 
Bsected  out  one  of  these  fistulous  tracks,  following  it  between  the 
ro  carotids  to  the  pharyngeal  cavity. 

Professor  Macalistbr,  F.RS.,  read  papers  on  the  Acromion  Process^ 

id  on  the  First  Costovertebral  Joiwtj  which  will  be  found  in  extenso 

the  body  of  the  Journal  of  Anatomy  and  Physiology^  pp.  245-251. 

Mr  Arthur  Thomson  made  a  preliminary  commimication  in  regard 
the  Development  of  the  Epidermic  Layers  of  the  Skin.  He  contro- 
trted  the  accepted  view  with  regard  to  the  regeneration  of  these 
yers,  and  maintained  that  the  stratum  granulosum  and  stratum 
cidum  were  the  germinal  layers,  the  lucidum  developing  into  the 
»my  layer  on  the  one  hand,  the  granulosum  into  the  mucous  on 
e  other,  a  mode  of  growth  precisely  analogous  to  the  growth  the 
rk-cambium.  Mr  Thomson  supported  his  views  by  a  reference  to — 
;)  the  evidence  of  cell  division  in  the  stratum  granulosum ;  (2)  em- 
^ological  evidence ;  (3)  healing  of  ulcers ;  (4)  skin  grafting ;  (5) 
fthological  evidence.  The  reader  of  the  paper  then  dwelt  on  the 
(plication  of  his  view  to  the  question  of  pigmentation,  showing  how, 
eepting  his  view  to  be  correct,  it  was  no  longer  necessary  to  explain 
le  disappearance  of  the  pigment  in  the  superficial  layers  of  the 
ddermis  as  due  to  some  chemical  change,  for,  according  to  Afr 
iiomson's  view,  the  cells  which  contain  the  pigment  in  the  deeper 

^  Hitter,  Ormdrias  der  Chirurgie,  vol.  ii  p.  828,  Ist  edit,  1882. 
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layers  of  the  mucosum  are  the  oldest  cells  of  that  layer,  and  k 
advance  towards  the  surface. 

He  also  demonstrated  the  application  of  his  views  to  hair  g!« 
showing  how  the  cells  containing  the  pigment  in  the  hair  were  li 
whilsttibe  corresponding  pigmented  cells  in  therete  mucosum  r&m 
and  in  this  way  offered  a  ready  es^lanation  of  how  it  is  that  ii 
negro  the  hair  may  become  colourless,  whilst  the  skin  still  letaisi 
characteristic  tint. 

A  paper  on  the  Delimitation  of  the  Regions  of  the  Abdomok 
Prof.  D.  J.  CunKinoham,  F.R.S.,  was  referred  to  the  Committee  i 
considering  the  subject,  and  will  be  found  in  externa  in  the  hut, 
the  Journal  of  Anatomy  and  Phygiology^  p.  257. 

Mr  Thob.  Cabwardine  read  a  paper  on  the  Supragiemal  B<0 
Man,  which  is  printed  in  extenso  at  p.  232  of  the  Journal  of  Ati^ 
and  Physiology, 
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ANATOMICAL  SOCIETY  OF  GREAT  BRITAIN 

AND  IRELAND. 


FEBRUARY  1893. 


The  Second  Quarterly  Meeting  of  the  Session  was  held  on  Monday, 
February  27th,  in  the  Library  of  Charing  Cross  Hospital  Medical 
School.  Present — Sir  W.  Turnbb,  F.R.S.,  in  the  chair,  and  thirty- 
eight  members  and  visitors. 

The  minutes  of  the  previous  meeting  were  read  and  confirmed. 

Messrs  Jahbs  Musgrovb,  M.D.  ;  G.  F.  Blacker,  M.B.,  B.S.,  F.R.C.S. ; 
K  Barclay  Smith,  M.R ;  H.  W.  Lewis,  M.R.C.S.,  L.R.C.P. ;  A.  Keith, 
M.B. ;  A.  F.  Dixon,  B.A. ;  and  J.  H.  Targett,  M.S.,  were  elected 
Members  of  the  Society. 

The  following  candidates  were  nominated  for  election  at  the  next 
meeting  : — C.  P.  White,  B.A,,  St  Bartholomew's  Hospital,  proposed  by 
W.  H.  Jessop,  W.  P.  Herringham,  and  C.  B.  Lockwood  ;  W.  Macadam 
Eccles^  M.B.,  B.S.,  F.RC.S.,  Assistant  Demonstrator  of  Anatomy,  St 
Bartholomew's  Hospital,  proposed  by  C.  B.  Lockwood,  W.  P.  Herring- 
ham,  and  G.  H.  Makins. 

Sir  William  Turner  exhibited  a  Human  Heart  with  Moderator 
Bands  in  the  left  ventricle.  On  opening  the  left  ventricle  the  inner 
surface  was  seen  to  be  almost  uniformly  smooth.  The  camese  columnse 
were  limited  to  the  apex  and  to  a  narrow  strip  near  the  border  of  the 
septum,  where,  however,  they  were  only  faint  elevations.  A  distinct 
though  slender  moderator  band  55  mm.  long  arose  from  the  septum 
11  mm.  distant  from  its  left  border,  and  67  mm.  from  the  apex.  It 
possessed  a  major  and  two  subsidiary  attachments  to  the  septum,  and 
then  passing  across  the  cavity,  ended  in  the  posterior  wall  of  the 
ventricle  about  midway  between  the  base  and  apex.  A  second  band 
31  mm.  long  arose  20  mm.  lower  down  from  the  septal  wall,  and  lying 
in  contact  with,  but  distinct  from,  that  wall,  it  fused  with  the  posterior 
wall  of  the  ventricle  close  to  where  it  joined  the  right  border  of  the 
septum.  This  second  band  was  connected  with  the  one  first  described 
by  an  oblique  intermediate  communication.    The  widest  part  of  these 
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bands  was  not  more  than  2  mm.,  but  each  band  obviously  consisted 
of  muscular  fibres  surrounded  by  endo-cardium.  A  third  band,  n:' 
thicker  than  a  piece  of  silk  thread,  and  apparently  consisting  only  d 
endo-cardium,  was  attached  by  one  end  to  the  septal  wall  17  ide. 
above  the  band  first  described,  and  by  the  other  end  to  the  postezkr 
wall  in  line  with  but  11  mm.  above  the  place  of  attachment  of  the 
second  band.  The  interior  of  the  cavity  of  the  right  ventricle  showed 
a  similar  smoothness  and  absence  of  camese  columnaB  to  that  descnbeii 
on  the  left  side.  A  large  papillary  muscle  arose  from  the  anteri^v 
ventricular  wall,  and  a  moderator  band  26  mm.  long  and  3  mno.  thid^ 
passed  across  the  ventricle  from  the  base  of  the  anterior  papillaiy 
muscle  to  the  septal  wall. 

Mr  Stanley  Botd  showed  a  Ccue  of  left  Superior  Cava  tcitiuM 
transposition  of  viscera.  This  abnormality  is  shown  on  account  of  its 
rarity.  Professor  Thane  has  given  me  a  list  of  six  references — all 
with  which  he  is  acquainted ;  and  I  append  it  to  this  description. 

The  specimen  was  found  by  Mr  Percy  Flemming  in  a  feetus 
which  was  being  dissected  in  the  Anatomical  Room  at  the  London 
School  for  Women.  Unfortunately,  before  the  peculiarity  was  noticed 
a  good  deal  of  dissection  of  the  neck,  axilla,  and  thorax  had  beoi 
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Fio.  1. 

carried  out,  with  the  result  that  wounds  and  divisions  of  the  tributary 
veins  were  so  numerous  as  to  render  examination  difficult  and  injection 
impossible. 

Starting  from  the  heart,  we  find  that  the  opening  of  the  coronary 
sinus  is  very  large — ^the  largest  opening  into  the  auricle.  There  is 
little  sign  of  a  Thebesian  valve.  There  is  no  opening  or  trace  of  one 
where  the  Y.  cava  superior  usually  enters.  The  other  openings  are 
normal.  • 

The  left  cava  runs  obliquely  up  and  to  the  left  between  the  left 
auricle  and  ventricle  and  the  left  auricle  and  the  root  of  the  long ; 
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it  aflcends  in  front  of  the  ductus  arteriosuB  and  aortic  arch,  and  there 
divides  into  right  and  left  innominate  veins.  The  left  innominate  vein 
is  short,  almost  vertical,  and  is  formed  by  a  large  left  internal  jugular 
and  left  subclavian ;  on  this  side  no  external  jugular  was  found,  but 
it  may  have  been  completely  cut  away ;  a  posterior  external  jugular  is 
present.  The  right  innominate  vein  is  long,  and  takes  an  oblique 
course  down  and  to  the  left  behind  the  manubrium.  It  is  formed  by 
a  small  internal  jugular  uniting  with  the  right  iubclavian  at  the  usual 
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Fig.  2. 

place ;  and  on  this  side  a  well-developed  external  jugular  descends 
beneath  the  omohyoid  to  join  the  subclavian  outside  the  stemomastoid. 

The  right  inuomijuUe  receives  the  R.  inferior  thyroid  vein  ;  but  the 
l^  inferior  thyroid  opens  quite  high  into  the  internal  jugular. 

As  to  the  azygos  veins — they  are  of  about  equal  size  on  the  two  sides. 
The  right  azygoe  opens  into  the  right  innominate  not  far  from  its 
commencement.  The  left  azygoe  opens  into  the  left  cava  immediately 
above  the  root  of  the  left  lung. 

No  trace  of  right  superior  cava  or  duct  of  Ouvier  was  found. 


Left  Superior  Vena  Cava. 

1.  Halbertsma,  in  a  Datch  Journal,  1862  (?). 

2.  W.  S.  Greenfield,  Path.  Trans.,  xxvii.,  1876. 
8,  "W.  Qraber,  Virchow's  Archiv,,  Izxd.,  1880. 

4.  Weigert,  Virchow's  Archiv.,  Ixxxiv.,  1881. 

5.  J.  J.  Charles,  Jour.  Anai.,  xziii.,  1889. 

6.  B4dard,  Bull.  Soe.  cPAntM-opologie  de  Paris,  1892. 

Mr  Stanley  Botd  showed  a  Right  Parietal  Bone  with  a  Horizontal 
Suture  in  it.  The  parietal  bones  were  from  an  adult  male  skull. 
The  right  one  had  on  its  outer  surface  a  groove,  starting  behind 
about  half  an  inch  above  the  articulation  with  the  lateral  angle 
of  the  occipital  running  upwards  and  forwards — at  first  close  to  and 
then  rising  above  the  temporal  line.  Well-marked  behind,  the  grooves 
gradually  died  away  an  inch  from  the  anterior  border,  slightly  above 
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the  middle.  Irregularities  in  the  floor  show  that  a  sature  existed  akof 
this  groove.  On  the  inner  surfieu^  corresponding  to  the  postern 
inch  of  the  groove,  is  a  fine  fissure. 

Professor  Windlb  showed  an  example  of  an  Elongated  and  B«A 
Clitoris, 

This  specimen  was  taken  from  the  body  of  a  dissecting-FOOB 
subject  which  presented  no  other  noticeable  characteristioa.  He 
clitoris,  which  is  clefb  to  its  base,  is  much  longer  than  usual,  messar- 
ing  about  5  cm.  The  right  half  is  somewhat  less  than  half  tbe 
thickness  of  the  left,  and  this  disparity  is  particularly  noticeable  is 
the  antero-posterior  direction,  since  the  left  portion  extends  fuithff 
towards  the  vestibulum  than  the  right.  Both  portions  emerge  from 
under  the  preputium  clitoridis,  to  the  sides  of  which  they  are  cod- 
nected,  and  both  terminate  in  enlargements  like  a  glans.  Both  woe 
connected  with  the  corpora  cavernosa. 

Bifid  clitoris  is  known  as  existing  in  connection  with  epispadias, 
but  it  is  unusal  independent  of  this  condition.  It  is  not  mentioned 
by  either  Forster  or  Ahlfeld.  St  Hilaire  says  that  he  was  only  ae- 
quainted  with  one  case  described  by  Amauld.  Another  is  given  bj 
Henle,  who  speaks  of  it  as  very  rare,  where  the  clitoris  was  bifid,  the 
halves  joining  the  nymphie  on  either  side. 

Professor  A.  M.  Paterson  showed  some  Anomalies  in  the  SheUton  of 
a  Negro, 

In  the  skeleton  of  an  American  Negro  sailor,  aged  20,  the  foUowiog 
abnormalities  occur : — 

(1)  In  the  right  carpus  there  are  only  seven  bones,  the  semilosar 
and  cuneiform  being  fused.     There  is  no  indication  of  infiiainmatory 

a. 


c- 


Fig.  1.  ->Fa8ion  of  semilunar  and  cuneifonn  bones  (negro),    a.  Facet  for  pi 
5.  Surface  for  os  magnum  and  unciform  ;  c.  Surface  for  soaphoicL 

action,  and  the  bones  of  the  left  carpus  are  normal  in  character  and 
arrangement.     Humphry  ^  states  that  in  the  Museum  of  the  Jaidin 

^  Human  SkeUUm  (note,  p.  897). 
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des  Plautea  is  a  n^ro  skeleton  showing  a  aimilar  foaion  of  the  saote 
otirpal  bones. 

(2)  The  manubrium  of  the  itemum  is  elongated,  and  artioulatea 
vith  the  mesoBtemum  at  the  level  of  the  third  costal  cartilages. 
The  ensiform  oartilt^^  is  almost  completely  ossified.  The  length  of 
the  manubrium  ie  equal  to  that  of  the  meaostemnm  (two  and  a  half 
inches).  The  ribs  are  normal  in  number  and  arrangement,  except  in 
relation  to  the  sternum.  There  are  seven  sternal  ribs  on  each  side, 
of  which  two  and  a  half  articulate  with  the  fint  piece,  four  and  a 
half  with  the  second  piece  of  the  sternum. 

The  cause  of  this  condition  ia  to  a  certain  extent  obscure.  It  is 
not  unfrequeot     It  is  apparently  the  normal  condition  in  the  Gibbon, 


Fio.  1.  —Sternum  of  Negro. 

and  Br  Keith  informs  me  that  he  has  found  it  in  six  out  of  twelve 
sterna  of  the  Gorilla  examined  by  him,  but  more  rarely  in  the  Orang 
and  Chimpanzee. 

(3)  The  sacrum  is  remarkably  asjrmmetrioal.  The  first  sacral 
vertebra,  which  ia  not  fused  with  the  second,  ia  lumbo-sacral  in  char- 
acter :  it  poaseases  a  free  and  separate  transveiae  prooess  on  the  right 
side.  The  ala  on  the  left  aide  is  adherent  to  the  second  vertebra,  and 
was  closely  adherent  to  the  ilium  also,  by  fibrous  attachment  The 
sixth  aaoral  vertebra  ia  eacro-cocoygeal :  sacral  on  the  right,  coccy- 
geal on  the  l^  tide.    The  other  portiona  of  the  vertebral  column 
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are  normal;  there  being  7  cervical,  12  thoracic,  5  lumbar,  and  i 
coccygeal  vertebrsB ;  in  all,  34  vertebrsa. 

The  interest  of  this  case  arises  from  the  ezistenoe  of  two  anomalis 
in  one  and  the  same  sacrum.  Out  of  266  sacra  recently  examined, 
it  is  the  only  one  possessing  at  the  same  time  a  lumbo-sacral  and  & 
sacro-coccygeal  vertebra.  Its  interest  is  enhanced  on  acooont  ci 
the  concomitant  variation  in  the  arrangement  of  the  lumba«acial 
plexus. 

Normally  the  N.  furecUie  in  Man  is  the  fourth  lumbar,  the  twenty- 
fourth  spinal  nerve;  and  as  in  females  generally,  the  last  lumbsr 
nerve  but  one. 

In  this  instance  the  N,  furccUie  is  the  fifth  lumbar  nerve  (twoitv- 
fifth  spinal  nerve)  on  both  sides,  limiting  the  junction  of  lumbar  and 
sacral  portions  of  the  plexus.  The  N.  bigemimu  was  on  the  right 
side  the  second,  on  the  left  the  third  sacral  nerve,  in  both  cases  the 
twenty-eighth  spinal  nerve ;  it  bounded  the  lower  end  of  the  great 
sciatic  (internal  popliteal)  nerve. 

The  double  variation  in  the  right  side,  and  the  abnormal  position  of 
the  iliac  attachment  and  of  the  N.  furcalis,  have  caused  the  plexus- 
arrangement  to  assume  an  apparently  normal  relation  to  the  bones, — 
so  that  the  N.  furcalis  becomes  the  last  lumbar  nerve  but  ona 

This  sacrum  may  thus  be  regarded  as  an  illustration  of  an 
"ancestral"  condition  (Rosenberg),  or  (I  think  more  probably)  of 
"  individual  variation,''  owing  to  the  development  of  the  lower  limb- 
form,  and  its  adhesion  to  vertebral  segments  being  more  postaxial 
than  usual. 

Mr  E.  Babolat  Smith  showed  some  MvACidar  Anomalies,  unth  notet 
on  the  Origin  and  Function  of  the  LigamerUum  Posticum  WindowiL 

Within  a  short  period  there  have  been  three  remarkable  cases  of 
muscular  anomaly  noted  in  the  Cambridge  University  Dissecting-room, 
all  of  which,  I  think,  are  of  sufficient  rarity  to  be  placed  on  record. 

The  first  case,  which  was  noted  by  Professor  Magauster,  was  one 
of  complete  absence  of  the  extensor  indicis.     The  record  of  the 
anomalies  of  this  smaU  muscle  show  that  it  is  a  remarkably  constant 
one,  and  is  more  subject  to  anomaly  in  excess  than  in  deficiency, 
often  sending  tendinous  slips  to  adjacent  digits.     In  this  case  there 
was  no  trace  whatever  of  the  muscle  ;  the  lower  end  of  the  ulna  and 
interosseous  membrane  for  a  distance  of  4*5  cm.  below  the  origin  of 
the  extensor  longus  pollicis  (ext.   sec.    interned.)  being  completely       | 
free  from  muscular  attachment.     The  neighbouring  muscles  ^owed 
no  variations,  the  thumb  extensors  being  well  marked,  the  index       | 
finger  tendon  of  the  extensor  communis  was  distinct  from  the  rest  of 
the  muscle,  about  6  cm.  above  the  post  annular  ligament,  and  was       I 
inserted  normally. 

The  absence  of  this  muscle  has,  according  to  Macalister,  been  noted       I 
by  Cheselden  in  two  instances  {Chesdden's  Anat»,  2nd  ed.,  1722,  p. 
84),  and  also  by  Moser.     It  has  been  recorded  by  Luschka,  and 
Testut  has  found  it  in  a  tendinous  condition  throughout. 
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The  next  case,  which  was  noted  by  myself  on  the  same  day,  was 
one  of  complete  absence  of  the  semi-membranosus.  On  reference  to 
Macalister's  work  on  MiLScular  AnomdlieSj  I  find  that  this  condition 
has  been  placed  on  record  by  Loschge,  AhharuHungen  der  Phys,  Med. 
Soc,  Erlangen^  and  by  De  Louza^  Gazette  MediccUe  de  Paris^  1885. 
In  vol.  xviiL  of  the  Journal  of  Anatomy  and  Physiology ^  Symington 
lias  recorded  a  remarkable  case  where  this  muscle  was  absent  on 
both  sides  in  a  woman,  and  he  notes  that  Loschge's  case  was  not  one 
of  complete  absence,  but  a  rudimentary  condition  of  the  muscle  re- 
presented by  a  tendinous  band  from  the  tuber  ischii  to  the  int. 
tuberosity  (condyle  X)  of  the  femur,  containing  a  small  muscle  belly 
(^Luschka  Die  Anat,  der  Glieden  dee  Menschen,  p.  412).  W.  Turner,  in 
the  same  volume  of  the  Journal^  records  a  case  where  it  was  replaced 
by  a  thin  tendon  from  the  tuber  to  the  int.  condyle  on  both  sides  in 
an  old  woman. 

From  the  above  it  appears  that  the  complete  absence  of  the  muscle 
is  an  exceedingly  rare  condition. 

In  my  own  case,  the  limb  had  unfortunately  been  severed  from  the 

trunk,  the  hamstrings  having  been  cut  en  masse,  about  10  cm.  from 

their  origin.     On  carefully  examining  the  short  tags  attached  to  the 

tuber  ischii,   I  found   that  the  biceps    and  semi-tendinosus  were 

disposed  in  their  usual  manner,  but  on  their  deep  aspect  was  a  fine 

tendinous  cord  about  8  cm.  long,  1  cm.  broad,  and  '15  cm.  thick, 

apparently  attached  to  the  upper  and  outer  part  of  the  tuber,  from 

which  it  passed  very  obliquely  downwards  and  inwards,  and  its  fibres 

eventually  spread  out  and  became  lest  in  the  fascia  on  the  posterior 

surface  of  the  adductor  magnus.    There  was  no  vestige  of  any  muscular 

fibres  in  connection  with  it    This  small  band  may  possibly  have  been 

the  representative  of  the  absent  muscle.     The  two  hamstring  muscles 

present  were  normally  disposed,  the  semi-tendinosus  perhaps  being  of 

a  rather  larger  size  than  usual,  in  comparison  with  the  other  muscles 

in  the  limb. 

One  of  the  chief  points  of  interest  in  such  an  anomaly  is  the  con- 
dition of  the  ligamentous  structures  on  the  posterior  aspect  of  the 
knee  joint  These  were  carefully  dissected,  and  the  Jigamentum 
posticum  Winslowii  was  found  to  be  as  strong  and  as  well  defined  a 
structure  as  if  the  muscle  had  been  present.  The  fibres  were  con- 
tinuous with  the  posterior  edge  of  the  int  lateral  ligament,  being 
attached  below  to  the  int.  tuberosity  of  the  tibia,  from  which  they 
passed  upwards  and  outwards  to  the  ext.  condyle.  In  the  case 
of  double  absence  of  the  SM.  recorded  by  Symington,  that  observer 
also  found  that  the  Ugamentum  posticum  was  normally  disposed. 

This  oblique  band  has  hitherto  been  considered  as  being  solely  a 
deriyative  of  the  tendon  of  the  semi-membranosus,  the  external  con- 
dyle being  presumed  to  be  one  of  the  bony  points  of  insertion  of  the 
muscle.  It  has  consequently  been  quoted  as  one  of  the  large  class 
of  "Accessory  Ligaments"  to  a  capsule,  which  in  some  instances,  as 
in  the  case  of  the  vasti  on  the  front  of  the  joint,  are  derived  from 
tendinous  expansions ;  the  true  capsule  being  supposed  to  be  repre- 
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eented  posteriorly  by  a  f ev  scattered  vertical  fibres  found  on  a  Aeeps 
plane.  But  from  the  muscular  conditions  in  this  inscanoes  it  may  ht 
justifiable  to  draw  the  concluaion  that  the  ligameDtiiin  pooticiuD  nan 
have  some  other  origin. 

I  should  venture  to  suggest  the  following  possible  Bourcee  of  an^ 
of  this  band. 

Firtlly.  That  it  represents  an  original  tendon  of  insertion  of  tbt 
Bemi-membranosuB  into  the  external  coadyle  ;  this  I  think  may  be  il 
once  dismissed  as  an  untenable  supposition,  on  the  following  gnmnk 
On  examining  the  history  of  the  muscle  and  its  condition  in  k«tt 
animals,  the  semi-membranosuB  ie  remarkable  for  the  internal  diqxa- 
tion  whioh  it  maintains,  being  closely  aasociated  with,  tmd  often  with 
difficulty  separable  from,  the  adductor  magnus.  Also  the  presotee  d 
the  oblique  band  in  a  well-marked  condition  in  the  complete  abeoee 
of  the  muscle,  would  serve  to  disassociate  it  as  an  integral  psrt  of  the 
semi-membranosuB. 

Steondly.  That  it  is  the  degtsded  remnant  of  some  muscle,  now 
rendered  functionless.  On  examining  a  knee  joint  a  few  days  igo 
with  reference  to  this  particular  ligament,  I  waa  surpriAed  to  find  a 
muscular  band  occupying  its  usual  position,  arising  by  a   roundsd 


FiO.  1. — Abnormal  mnscle  OTerlying  the  Ligamentmn  Poeticnm  Winalowu. 
71.  PlaDtarin. 

tendon  from  the  ext.  condyla,  dose  to  the  inner  side  of  the  [dantaris, 
whioh  expanded  into  a  well-defined  muscle  belly,  and  inserted  by  t 
tendon  which  blended  with  the  vertical  band  of  the  semi-membraoosus 
tendon,  and    was  inserted  with  it  on   to  the   tibia  (fig.  1).      This 
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must  be  an  exoeediogly  rare  muscle.  Hacalister  has  only  onoe  seen 
it,  more  than  twenty-two  years  ago,  and  I  have  found  no  other  record 
of  it.  It  is  of  interest,  as  from  ite  attaohmente  it  may  have  some 
possible  homologioal  relationship  to  the  pronator  radii  teres  in  the 
upper  limb. 

On  lifting  this  muscle  irom  its  bed,  the  glistening  fibres  of  the 
ligamentum  poeticum  were  found  to  be  apparently  normally  disposed, 
it  thus  being  evident  that  they  were  not  replaced  by  the  muscle. 

Thirdly.  That  it  is  a  part  of  the  true  capsule  of  the  knee  joint, 
wbofie  fibres  have  suffered  an  alteration  in  (Erection  from  a  relative 
displacement  in  position  of  the  external  condyle  and  the  inner  part  of 
the  upper  end  of  the  tibia,  and  which  has  in  some  way  become  con- 
nected with  the  tendon  of  the  semi-membranosus. 

Fourthly.  That  it  is  an  Eux]uired  attachment  of  the  semi-mem- 
branosuB,  due  to  the  dra^ng  off  of  a  part  of  the  connective  tissue 
sheath  of  the  muscle,  which  at  one  period  in  its  history  was  in  close 
relation  to  the  external  condyle,  but  which,  from  a  dieplaoement  in 
position  of  the  bony  parts,  has  now  became  separated  ihim  it  by 
a  oonsidorable  interval ;  and  has  acquired  a  new  attachment  in  the 
same  way  as  the  rectus  femoris  has  to  the  ant.  in£  spine  of  the  ilium. 
Fifthly.  That  it  is  due  to  the  thickening  of  a  fascial  layer  directly 
continuous  with  the  sheath  of  the  Bemi-membranosus,  and  lying  super 


FlO.  2.  —Dissection  of  the  Pogtmor  aspect  of  s  FreUJ  Knee. 

0.  GasCrocneiaiaB  cot   and   refleated   [  8.H.  Senu-membnnoeiu  tendon  l^ng 

opw&rda.  within  its  bed  of  ia  tiatue. 

I'l.  PlanWris  ditto.  x.  Loose  tiaane  at  th«  back  of  the 

ficiaUy  to  the  true  capsule,  which  for  some  reason  has  become  especially 
strong  and  has  had  an  obliquity  given  to  its  fibres. 

I  am  mcUned  to  support  this  last  suppositioQ  on  the  following 
grounds: — 

On  examining  the  condition  of  the  structures  at  the  back  of  the  knee 
in  several  fietal  joints,  I  failed  to  find  any  definite  evidence  of  well- 


XXVm  PEOCEEDINOS  OP  THE 

marked  oblique  fibres.  A  soft,  lax  tissue  underlies  and  partially  ODbeds 
the  popliteal  vesBek  aud  the  plantaris  muscle,  which  is  rel&tivel;  Itfgc 
at  this  early  stage  ;  and  this  lax  tissue  appears  to  enahea^  the 
semi-membranofius  tendon,  which  has  a  very  definite  itiner  miiigiB ; 
and  no  fibres  appear  to  pass  from  the  tendon  itself  towaida  de 
external  condyle  (fig.  2). 

I  have  dissected  an  aidult  joint  in  which  the  Hgamentum  postienB 
is  rather  a  weaker  structure  than  is  usually  the  case,  and  most  of  in 
fibres  are  not  directly  continnous  with  ttiose  of  the  tendon  of  tk 


Fiti.  S. — DisKction  of  an  Adult  Knee,  ihoiriDg  the  fibres  of  the  LigamoitiiH 


S.a.  Semi-meiabianoBua  Tendon.  I 

F.  Fibres  of  Ligamentum  Posticum 

superficial  to  8.U.  tendon.  | 

semi-membranosus,  but  are  separable  from  them,  crossing  their 
direction  obliquely,  and  blending  into  a  single  sheet  on  the  other  side 
of  the  tendon  (fig.  3). 

The  sheet  of  fibres  forming  the  ligamentum  posticmn  is  direct]; 
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»ntmuous  with,  and  merges  into,  the  fascia  covering  the  popliteus, 
hich  I  should  suggest  is  additional  evidence  in  favour  of  its  fascial 
rigin. 

The  causes  which  have  brought  about  the  great  strengthening  and 
le  oblique  arrangement  of  such  a  fascial  layer  may  be  thus 
inunarised. 

The  ligamentum  postioum  has  attained  its  greatest  development 
nd  strength  in  Man  :  it  becomes  progressively  more  marked  as  the 
ipedal  position  is  assumed,  and  is  thus  correlated  with  the  erect 
btitude. 

The  bones  about  the  knee  joint  have  undergone  a  considerable 
iteral  expansion  in  assuming  the  bipedal  position,  the  joint  in  the 
uadrupeds  having  a  much  greater  antero-posterior  diameter  in 
omparison  with  the  Anthropoids.  This  lateral  expansion  would 
end  to  diminish  the  efficacy  of  the  posterior  part  of  the  capsule, 
nd  an  accessory  ligament  has  become  a  necessity  in  order  to  sup- 
K)rt  it. 

Another  reason  for  its  great  strength  in  the  human  knee  is  that  Man 
lone  of  all  the  animal  series  has  a  perfectly  extended  knee  joint, — in 
II  other  animals  the  joint  is  in  a  position  of  some  degree  of  flexion. 
Nith  an  increase  in  the  amount  of  extension,  there  will  be  a  corre- 
ipondingly  increasing  need  for  strong  ligamentous  structures  on  the 
posterior  aspect  of  the  joint.  Further,  in  the  fully  extended  position, 
;he  line  of  the  body-weight  falling  in  front  of  the  axis  of  movement  at 
;he  knee  joint,  it  will  tend  to  over-extend  the  joint,  and  a  strong 
igamentum  posticum  will  help  to  resist  this  tendency. 

In  examining  the  position  of  the  lower  limb  in  the  foetus,  it  is  seen 
shat  there  is  a  considerable  flexion  at  the  knee  joint  with  inversion  of 
^he  foot,  the  tibia  being  in  a  position  of  inward  rotation  upon  the 
femur :  this  position,  like  so  many  other  foetal  characteristics,  showing 
%  resemblance  to  an  animal  type. 

If  the  bones  are  placed  in  this  position  it  will  be  seen  that  the 
external  condyle  and  the  inner  part  of  the  upper  end  of  the  tibia  are 
relatively  close  to  each  other,  and  will  be  about  in  the  same  horizontal 
plane.  When  the  limb  is  extended  it  is  accompanied  by  an  out- 
ward rotation  of  the  tibia,  and  there  will  be  thus  an  inward  and 
downward  displacement  of  the  upper  cord  of  the  tibia,  relatively  to 
the  external  condyle,  which  will  drag  the  fascial  fibres  in  the  same 
direction. 

The  relation  of  the  ligamentum  posticum  to  the  semi-membranosus 
will  perhaps  partially  account  for  the  present  position  of  that  muscle. 
It  is  remarkable  that  the  chief  part  of  the  fibres  of  its  tendon  curve 
forwards  at  their  insertion  to  the  groove  on  the  tibia.  This  I  take  to 
be  evidence  that  there  has  been  a  mutual  dragging  between  the  liga- 
mentum posticum  and  the  semi-membranosus,  whereby  the  muscle  has 
been  dragged  away  from  the  adductor  magnus  with  which  it  was 
originally  so  closely  associated. 

Functions  of  the  Ligamentum  Posticum. — From  the  direction  of  the 
fibres  of  the  ligamentum  posticum,  it  could  almost  be  presumed  that 


I 
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it  would  help  to  limit  external  rotation  of  the  tibia^  or 
rotation  of  the  femur,  respectively. 

I  have  investigated  the  subject  by  first  noticing  the  amooBi  a 
external  rotation  of  the  leg  upon  the  thigh,  which  can  be  oirtadned 
when  the  thigh  is  firmly  fixed  and  the  joint  is  in  a  position  of  mi- 
flexion,  and  then  repeating  the  experiment  after  the  ligamenton 
postioum  had  been  cut  through,  leaving  the  other  ligaments  about  tk 
joint  intact.  In  the  second  case  I  was  certainly  able  to  obtain  i 
greater  degree  of  rotation  than  in  the  first 

This  has  led  me  to  the  conclusion  that  the  ligamentum  pofltxnB 
has  more  importance  than  is  usually  assigned  to  it»  and  that  iia 
function  chiefly  comes  into  play  when  the  knee  is  extended  in  aasoma^ 
the  erect  attitude. 

During  the  later  stages  of  this  movement  the  femur  is  xotatiii^ 
inwards  on  the  tibia,  and  the  ligamentum  posticum  will  help  both  to 
limit  the  extension  and  the  rotation,  bringing  them  to  a  stcfp  at  tbe 
same  time. 

I  beg  to  thank  Professor  Macalister  for  his  kind  suggeBttons  and 
criticism,  and  Mr  B.  de  S.  Stawell,  who  was  dissecting  the  1^  od 
which  the  abnormal  muscle  was  found,  for  his  excellent  drawings. 

Mr  W.  S.  Mbi^somb  showed  cases  of  Variation  of  the  SigmM 
Flexure  of  the  Colon. 

During  the  Michaelmas  term  of  1892,  four  remarkable  variatioDS  d 
the  descending  and  sigmoid  portions  of  the  colon  were  met  with, 
which  illustrate  the  limits  of  variation  in  different  directions  of  this 
viscus. 

1.  In  one  instance  the  descending  colon  passed  downwards  in  & 
deep  recess  posterior  and  external  to  tiie  kidney,  and  becoming  narrow  j 
as  it  crossed  the  brim  of  the  pelvis,  passed  into  that  cavity,  there  { 
being  uo  well-marked  loose  fold  in  the  left  iliac  fossa,  and  consequently 
no  true  sigmoid  flexure.  In  this  case  there  was  a  close  contact  of 
the  back  of  the  colon,  for  its  whole  extent,  with  the  abdominal  wall 
In  no  place  did  the  peritoneum  cover  more  than  three-quarters  of 
the  circumference  of  the  intestine,  and  there  was  no  intersigmoid 
pouch. 

2.  In  a  second  instance  the  intersigmoid  pouch  was  of  very  large 
size,  the  omega-loop  of  the  colon  being  very  large  and  thin. 

3.  The  tliLd  example  is  one  in  which  the  omega-loop  is  much 
longer  than  is  usual ;  a  portion  of  it  is  situated  in  the  right  iliac  fossii,    \ 
extending  into  the  place  usually  occupied  by  the  csBCum,  causing  an 
upward  displacement  of  the  latter.  { 

The  terminal  4  cm.  of  the  ileum  lies  behind  the  csecum,  and  is 
flattened  by  the  pressure  of  the  latter.  The  length  of  the  caocum  is 
about  4  cm. ;  the  appendix  is  shorty  about  35  mm.  long,  and  hes  in 
the  second  commonest  position  (behind  the  ascending  colon). 

Owing  to  this  rightward  displacement  of  the  lowest  part  of  the 
sigmoid  colon,  the  commencement  of  the  rectum  is  in  relation  to  the 
right  instead  of  the  left  pelvic  wall.     There  is  a  mesentery  for  this 
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upper  portion  ae  f ar  as  the  lower  border  of  the  firBt  sacral  vertebra. 

rrhe  cause  of  this  displacement  is  probably  the  enormous  ezpausion 

of  the  sigmoid  flexure.     The  iuterBJgmoid  pouch  is  not  present  as  a 

apecial  arrangement. 

The  fourth,  and  in  some  respects  the  moet  remarkable  form,  is  one 

in  which  the  sigmoid  flexure  was  a  very  long  double  loop,  the  portion 
of  whose  omega-loop  ascended  as  high  as  the  re-entrant  side  of  the 
splenic  flexure.  The  transvene  colon  is  short,  but  in  its  normal  place, 
as  far  as  the  hepatic  flexure ;  the  ascending  colon  is  directed  &om 
above  downwards  and  to  the  left,  the  otecum  being  placed  to  the  left 
of  the  middle  line,  in  contact  with  the  lower  limb  of  the  omega-loop. 
This  portion  of  the  large  intestine  lay  in  the  transverse  mesocolon 
and  croesed  the  duodenum.  The  jejunum  and  ileum  project  to  the 
right  of  the  ceecum,  and  the  last  coil  of  ileum  passes  into  the 
ctecum  below  and  to  the  right  side.  The  cause  of  this  seems  to  be 
some  ftctal  pathological  adhesion  between  the  cfecum  and  the  lower 
end  of  the  omega-loop. 

Dr  H.  D.  RoLLBBTON  showed  epeciment  of  Livers  with  Anffmaliee  in 
their  lobulation. 

Fig.  I  represents  a  liver  in  which  the  right  lobe  is  quite  small,  while 
the  left  is  large,  the  normal  relations  of  size  between  them  being 


transpoeed.  The  gall-bladder  was  on  the  under  surfoce  of  the  right 
lobe,  quite  close  to  the  right  lateral  border  of  the  liver ;  the  quadrate 
lobe  was  absolutely  large,  and  was  three  times  the  size  of  the  re- 
mainder of  the  under  surface  of  the  right  lobe  of  the  liver. 

The  relation  of  the  hepatic  artery,  portal  vein,  and  bile-duct  in  the 
lesser  omentum  was  not  determined  before  the  liver  was  removed  from 
the  body. 
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The  liver  waa  in  the  normal  poeition  in  th«  body,  and  time  vh  i 
no  transpoeition  of  anj  of  the  TJBcera.  I 

Figs.  2  and  3  are  taken  from  tno  liveis  in  which  the  left  lobe  n  | 
extremely  small.  The  left  lateral  ligament  was  atrophied  to  anxR-  I 
sponding  degree.  I 

In  both  the  gall-bladder  is  visible  from  the  front,  and  projecte  frn  I 
the  left  lateral  margin  of  the  liver. 

In  No.  3  the  quadrate  lobe  was  above  the  gall-bladder  instead  d 
being  to  the  left  of  that  structure ;  while  the  gall-bladder,  instead  d 
being  in  the  long  axis  of  the  body,  was  at  right  angles  to  it.     The  wb(^ 


tf'V^; 


of  the  left  border  of  the  liver  seemed  to  have  beoome  shrivelled  up  and 
contracted  towards  the  diaphragm.  (The  under  surface  is  not  shown 
in  the  figure.) 

In  No.  2  the  gall-bladder  was  in  the  long  axis  of  the  body  and  the 
quadrate  lobe  was  rudimentary,  being  represented  by  a  small  slip  of 
liver  tissue  only. 

The  left  division  of  the  portal  vein  was  of  a  fair  size  in  Na.'3,  but  in 
No.  2  it  was  very  short,  and  soon  became  impervious  to  a  mediiun-aited 
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probe.    In  neither  of  these  two  liven  was  there  any  gross  pathological 
lesion  to  account  for  the  abnormal  condition  of  the  left  lobe,  though 


Fio.  3. 

it  is  probable  that  some  error  in  the  vascular  supply  in  fretaX  life  was 
the  cause  of  the  condition  described. 

For  the  accompanying  drawings  I  am  indebted  to  the  skill  of  my 
friend  Dr  G.  H.  Goldsmith. 

Mr  Hbbbbrt  Watxrhouot  showed  an  Atlas  Vertebra  wtk  anomaloug 
oesifiaation,  taken  from  a  male  subject  aged  75  years,  in  which  the  bone 
was  in  two  symmetrical  halves,  united  both  in  front  nnd  behind  by 
ligamentous  union.  There  was  free  movement  allowed  between  the 
two  halves  of  the  bone.  The  anterior  arch  was  deeper  than  usual,  and 
the  two  s^menta  of  this  arch  were  united  by  a  Htrong  ligamentous 
capsule,  within  which  was  a  thin  disc  of  fibro-eartilt^e.  The  union 
between  the  two  halves  of  the  bone  posteriorly  was  more  slender,  there 
being  only  a  narrow  band  of  fibrous  tissue  connecting  the  two  some- 
what pointed  bony  ends.  The  axis  and  the  occipital  bone  in  the  same 
subject  were  quite  normal,  and  the  only  other  noticeable  point  in  the 
skeleton  was  that  the  larger  joints  manifested  chronic  rheumatic 
arthritic  changes  in  a  marked  degree.  Allusion  wsa  made  to  the 
developmental  interpretation  of  this  specimen,  and  it  was  considered 
that  in  this  case  the  lateral  mass  and  the  half  of  the  posterior  arch  of 
each  side  had  been  developed  normally  from  the  primary  centre ;  that 
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there  had  been  in  addition  two  centres  for  the  anterior  aich,  one  k 
each  half  (the  normal  condition),  but  that  the  occasional  aepanteoaA 
for  the  rudimentary  spine  had  been  absent.  The  two  halves  d  ^ 
anterior  arch  had  failed  to  unite,  and  a  similar  non-union  bad  occone 
in  the  case  of  the  segments  of  the  posterior  arch. 

Professor  Macalister  remarked  that  he  had  two  such  spedmai. 
one  from  an  epileptic,  and  one  from  an  epileptic  lunatic  ;  in  thelsctzc 
movements  of  the  head  induced  fits. 

Mr  Alfred  Eichholz  read  a  paper  on  the  Morphology  of  Ud 
Arteries^  printed  in  extenso  in  Journal  of  Anat,  and  Phys^  Apni 
1893,  p.  377. 

Mr  J.  Jackson  Clarke  read  a  paper  on  The  Temporal  Boiu,  eki^ 
in  Childhood,  printed  in  extenso  in  Journal  of  Anat.  €utd  Ph^  ApiH 
1893,  p.  411. 
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The  Third  Quarterly  Meeting  of  the  Session  was  held  on  Tuesday, 
May  23rd,  at  Westminster  Hospital  Medical  School.  Present — Sir 
W.  Turner,  President,  and  twenty  members  and  visitors. 

The  minutes  of  the  previous  meeting  were  read  and  confirmed. 

The  manuscript  index  to  the  first  twenty  volumes  of  the  Journal 
of  Anatomy  and  Physiology  was  presented  to  the  meeting,  and  the 
Secretary  was  directed  to  deliver  the  same  to  the  Editors  of  the 
JoumaL 

On  the  motion  of  Mr  A.  Thomson,  seconded  by  Mr  Bruce  ClarkcT, 
a  vote  of  thanks  was  unanimously  accorded  to  the  Honorary  Trea- 
surer, Professor  Howes,  for  his  exertions  in  arranging  for  the  prepara- 
tion of  the  index. 

Messrs  C.  P.  White,  B.A.,  and  W.  M'Adam  Ecoles,  M.B.,  B.S., 
F.R.C.S.,  were  elected  members  of  the  Society. 

Mr  C.  Gordon  Brodie  exhibited  a  specimen  of  Misplaced  Kidney^ 
with  Abnormal  Arterial  Supply, 

The  accompanying  specimen  of  kidney  was  taken  from  a  dissecting- 
room  subject  early  last  winter.  It  is  a  right  kidney,  which,  instead 
of  occupying  its  normal  position  in  the  loin,  was  situated  within  the 
boundaries  of  the  false  pelvis ;  it  rested  upon  the  right  psoas  muscle, 
slightly  overlapping  it  externally.  Its  upper  edge  was  a  little  above 
the  bifurcation  of  the  aorta,  and  on  a  level  with  the  crest  of  the 
ilium,  the  lower  edge  reaching  down  as  far  as  the  division  of  the 
conunon  into  internal  and  external  iliacs.  The  lower  part  of  its 
internal  border  was  closely  applied  to  the  common  iliac  vessels. 

The  organ  is  slightly  smaller  than  that  on  the  left,  and  is  irregular 
in  shape,  being  more  or  less  subdivided  into  lobes  by  slight  sulci. 
This  is  most  noticeable  in  front,  where  the  surface  is  much  broken  up. 
There  is  no  hilum,  the  ureter  coming  off  from  the  anterior  surface  by 
five  calices,  which  unite  at  the  lower  end  of  the  organ  to  form  the 
pelvis. 

The  arrangement  of  the  vascular  system  was  peculiar,  there  being 
three  arteries  entering  and  two  veins  leaving  the  kidney. 
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The  arterial  supply  was  derived — 

1.  By  a  large  branch  from  the  right  side  of  the  aorta,  about  three- 

quarters  of  an  inch  above  its  bifurcation,  below  theleTdcf 
the  inferior  mesenteric,  which  passes  down  across  the  tsu 
cava,  and  is  distributed  by  three  branches  to  the  upps 
and  b8U3k  parts  of  the  kidney,  one  branch  runnisk' 
nearly  to  the  centre  in  front  before  entering  the  kidnej- 
substance. 

2.  By  a  branch  which  arose  from  the  right  common  iliac  juit 

below  the  bifurcation  of  the  aorta,  and  which,  runnii^ 
diagonally  across  the  posterior  surface  of  the  kidnej,  whiek 
it  grooved,  was  distributed  to  the  outer  side  of  the  (xgsn. 

3.  By  a  branch  which  arose  by  the  side  of  the  middle  sacral,  sad 

running  over  the  left  common  iliac  vein  and  right  commoo 
iliac  artery,  was  distributed  to  the  lower  and  front  portioii 
of  the  kidney  (its  inner  border). 

The  two  veins  had  the  following  arrangement : — 

1.  The  smaller  of  the  two  followed  the  course  of  the  artery  finom 

the  middle  sacral,  and  emptied  into  the  left  conunon  iliac 
vein. 

2.  The  principal  vein  arose  by  three  tributaries  from  the  front  of 

the  organ  and  one  from  the  outer  side,  and  passed  upwards 
to  empty  into  the  vena  cava. 

Reiiiarka, — It  is  not  uncommon  to  find  two,  three,  or  even  more 
arteries  coming  off  from  the  aorta  and  passing  to  a  normal  kidnej, 
but  it  is  unusual  to  find  an  artery  arising  from  the  common  ilide 
artery,  and  running  upwards  to  supply  the  lower  part  of  the  kidney- 
substance.  During  the  past  few  years  I  have  met  with  it  about  six 
or  seven  times,  of  which  four  were  situated  on  the  right,  and  two  or 
three  on  the  left, — in  all  cases  the  artery  was  a  large  one,  and  muss 
have  been  a  great  accessory  to  l^e  renal  artery.  In  all  the  cases  ths 
abnormal  vessel  was  given  off  just  below  the  origin  of  the  common 
iliacs,  much  in  the  same  way  as  the  second  artery  in  the  specimen. 

The  branch  which  arises  with  the  middle  sacral  is,  however,  a  far 
rarer  one.  This  is  the  first  specimen  I  have  met  with,  and  Professor 
Macalister,  writing  in  1883,  states  he  had  then  only  seen  one  example, 
although  parallel  instances  are  quoted  by  Otto,  including  one  in  which 
the  middle  sacral  artery  sent  two  branches,  one  to  each  kidney.  In 
the  same  paper  he  also  describes  the  arterial  supply  of  a  kidney  which 
had  six  different  arterial  supplies — 

One  from  just  below  the  capsular  artery. 
„        the  normal  position. 
„         below  the  origin  of  the  inferior  mesenteric. 
„         the  front  and  a  little  to  the  right  of  the  bifurcation. 
„         the  sacra  medisu 
the  internal  iliac. 
"  thus  combining  three  of  the  rarest  forms." 


ANATOMICAL  SOCIETY  OF  GEEAT  BRITAIN  AND  IRELAND.    XXl^vii 


Mr  E.  Barclay  Smith  exhibited  some  Examples  of  Separation  of 
the  Os  dyloidewm,  of  Hie  3rd  Metacarpal^  from  the  Anatomical  Museum 
of  the  University  of  Cambridge. 

The  metacarpal  bone  of  the  middle  finger  presents  a  remarkable 
contrast  to  the  other  bones  of  the  same  series  in  possessing  a  conical 
projection  on  the  radial  side  of  the  dorsal  aspect  of  the  shaft,  which 
^ts  into  a  retiring  angle  formed  by  the  os  magnum,  trapezoid,  and  base 
of  the  metacarpal  bone  of  the  index  finger.  Owing  to  the  occasional 
separation  of  this  process  of  bone  from  the  middle  metacarpal,  it  has 
received  the  name  of  the  Os  styloideum.  This  occasional  separation 
was  investigated  by  the  late  Professor  Gruber,  and  out  of  the  2589 
hands  which  he  examined  he  only  found  19  cases  (about  *7  per  cent.), 
proving  that  it  is  by  no  means  a  common  occurrence. 

The  separation  from  the  metacarpal  may  be  incomplete.  The  first 
specimen  (fig.  1)  exhibits  a  deep  groove  at  base  of  the  styloid  process 
on  the  articular  aspect  of  the  bone,  nearly  completely  separating  its 
articular  surface  from  the  articular  surface  of  the  base  of  the  meta- 
carpal common  to  the  os  magnum  and  2nd  metacarpal. 


J.  — 


Z^«i i— 


O.S. 


O.TTlf -\— , 


* 


Fio.  1.^,  styloid  prooeas ; 
g,  groove. 


^^ 


Fio.  2. — o.Sf  08  styloidemn ;  o,m,  os 
magnum ;  t,  trapezoid ;  m',  second  meta- 
carpal ;  m*f  third  metacarpal. 


The  articular  surface  of  the  styloid  itself  is  divided  into  three  dis- 
tinct facets,  one  looking  inwards  for  the  os  magnum,  and  two  looking 
outwards,  one  for  the  base  of  the  2nd  metacarpal,  and  one  for  the 
trapezoid.  The  articulation  of  the  styloid  process  with  the  trapezoid, 
I  believe,  is  more  common  than  is  usually  thought  to  be  the  case. 

When  complete  separation  of  the  os  styloideum  from  the  metacarpal 
is  met  with,  the  separated  bone  may  either  form  a  new  element  in  the 
carpus  or  it  niay  fuse  with  the  os  magnum,  the  trapezoid,  or  the  2nd 
metacarpal. 

Of  the  three  latter  cases  fusion  with  the  os  magnum  is  by  far  the 
most  common,  and  I  have  brought  five  examples. 

The  first  example,  which  I  found  in  an  articulated  hand  sent  to  me 
by  Eger  of  Vienna,  is  an  exceedingly  good  one,  to  show  how  the  os 
styloideum  may  become  completely  separated  from  the  metacarpal 
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and  only  partially  fuse  with  the  magnum  (fig.  2).  The  little  nodale  oi 
bone  which  surmounts  the  magnum  is  marked  by  a  deep  grooTe  at  iti 
base  all  the  way  round,  and  it  would  be  difficult  to  say  whether  there 
was  a  real  osseous  union  between  them  or  not.  The  nodule  exhibits 
three  facets  for  articulating  with  the  trapezoid,  2nd  metacarpal,  and 
3rd  metacarpal  respectively,  the  latter  being  rough,  so  that  this 
surface,  which  may  be  called  the  surface  of  separation,  was  probabiT 
bound  to  the  3rd  metacarpal  by  firm  fibrous  bands. 

The  other  four  cases  are  examples  of  complete  fusion  with  the  as 
magnum,  though  in  some  of  them  there  is  a  slight  grooving  at  the 
line  of  attachment  One  of  these  deserves  particular  interest^  as  it 
belongs  to  the  hand  of  a  native  Australian,  the  condition  being 
symmetrical  on  the  two  sides. 

Examples  of  fusion  with  the  trapezoid  are  of  much  rarer  occorrenoe, 
and  there  is  only  one  specimen  of  this  condition  in  our  Museum,  which 
was  found  in  a  dissecting-room  subject  in  1890.  The  fusion  in  this 
case  is  a  very  complete  one,  and  the  process  exhibits  three  facets  for 
the  OS  magnum,  2nd  metacarpal,  and  3rd  metacarpal  respectively,  the 
latter  as  in  the  case  above,  and  probably  for  the  same  reason. 

Fusion  of  the  os  styloideum  with  the  2nd  metacarpal  must  be  c4 
exceedingly  rare  occurrence,  there  only  being  one  case  on  record. 
This  unique  specimen  is  now  in  the  Strasburg  Museum,  and  faaa 
been  described  by  Professor  Pfitzner. 

The  morphological  value  of  this  errant  piece  of  bone  is  very 
obscure.  Professor  Leboucq  of  Gand  has  examined  forty-five  fcDtal 
hands,  and  in  four  cases  found  a  separate  cartilaginous  nodule  in  the 
usual  situation  of  the  os  styloideum,  so  he  considers  that  its  occasional 
separation  from  the  3rd  metacarpal  is  the  persistence  of  an  embryonic 
condition. 

Mr  Bland  Sutton,  in  Morris'  Anatomy,  states  that  the  3rd  met«r 
carpal  bone  occasionally  has  an  additional  centre  of  ossification  for 
the  styloid  process.  In  about  twelve  young  hands  which  were 
examined  by  Professor  Macalister  and  myself  no  trace  of  this  addi- 
tional centre  could  be  found,  so  that  its  appearance  is  not  a  commoa 
one. 

Mr  Barclay  Smith  read  for  Professor  Macalister  an  abstract  of  a 
paper  ou  The  Develo^mient  and  Varieties  of  tJie  Atlas.  The  com- 
munication will  be  found  in  extenso  in  the  body  of  the  Journal  of 
Anatomy  and  Physiology,  p.  519. 

Professor  Howes  read  a  paper  On  the  Pelvis  of  the  Mammalia^  iriih 
especial  reference  to  thai  of  a  young  Ornithorhynchiis,  The  paper  will 
be  found  in  the  body  of  the  Journal  of  Anatomy  and  Physiology, 
p.  543. 

A  wood  block  in  illustration  of  Mr  Stanley  Boyd's  Case  of  Left 
Supenor  Cava  without  Transposition  of  the  Viscera,  communicated  to 
the  February  meeting  of  the  Anatomical  Society,  which  was  received 
too  late  to  be  inserted  in  its  place  in  the  description  published  in  the 
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April  number  of  the  Jowmcd  of  Anatomy  and  Pkyeiology,  ia  now 
appended  to  the  report  of  the  Proeetdings  ia  the  present  number 
(see  February  Proceedings,  p  xx). 


The  following  candidate  vas  proposed  for  election  at  the  next 
General  Meeting :— H.  W.  M.  Tims,  JI.D.,  CM.,  Lecturer  on  Biology 
in  the  Westminster  Hospital  Medical  School,  nominated  by  James 
Black,  Arthur  Thomson,  and  G.  H.  Makins. 
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